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RAYTHEON MILLIMETER KLYSTRONS
TYPE _FREQ., kMc POWER, mW

Typical ‘Minimum
QKK 863 50.-57. 80 25
*QKK_ 864 56.- 60 25
*QKK 1080  64.-74. 80 25
*QKK 811 68.75-70.75 100 15
T*QKK 866 73.-83. 80 25
T*QKK 673 82.-92, 75 25
YQKK 1074 91.-101. 20 10
**QKK 1075 100.-110. 20 5
“*QKK 1076 109.-120. 20 Il

Timmediate delivery ¢ In development ] 70 80 LAY RAYTHEON QKK 1080 KLYSTRON

Millimeter-wave klystrons ready now for laboratory investigations

For immediate delivery: Your choice of
six Raytheon reflex klystrons covering
frequencies from 64 to 101 kMc*. Each
has single vernier adjustment and
single mode operation for full band cov-
erage. Select appropriate tube above
and write us for technical data.
Raytheon Co. O Microwave and Power
Tube Div., Waltham 54, Massachusetts.

*Frequencies from 50-85 and 100-120 kMc are
covered with 4 tubes available on special order.
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CANADA’S PROVINCES AND TERRITORIES. In 1867, the
Province of Canada (later to become Ontario and Quebec), Nova
Scotia and New Brunswick united as the Dominion of Canada.
Today our northern neighbor comprises 10 provinces and two
territories. Although the world’s second largest country, she
has only one-tenth the population of the U.S. She has an active
and growing electronics industry, however. For a special report

on electronics in Canada, see p 37 COVER

AIR FORCE Revamping System Procurement Operations. Con-
tracting procedures are being changed to limit the number of
proposals and control costs. Moves are part of the trend away
from cost-plus-fived-fee contracts

BAT SONAR Techniques Are Used in Guidance for the Blind.
Develcpmental system employs both pulse and doppler echoes.
Two receiving transducers act as “ears”’

HONG KONG'S TRANSISTOR RADIO Exports Soar to 100,000
a Month. The Crown Colony’s expanding companies are now
making their own components. Japanese attempts to curtail ex-
port competition from Hong Kong were unsuccessful

MORE COMPUTING TALENT on the Way. Colleges are expand-
ing their computer facilities, courses and services. Half of the
colleges with computers perform research for industry. Next big
educational market: high schools

NEW COLOR TV Combines Two Systems. Signal generator syn-
chronizes camera and receiver. The camera has a color wheel,
but the receiver doesn't

SPECIAL REPORT Electlomcs in ("mdda A hundred million
dollars of electronics crosses our northern border. To find out
what’s new in Canadian electronics one of our editors spent a
month in the dominion. He traveled more than 6,000 miles,
visited more than two dozen plants, labs, universities and gov-
ernment agencies. This special report is the profile of a nation’s
industry on the move. By S. Froud

TUNNEL-DIODE PREAMPLIFIER Improves Phased-Array
Radar. A phased-array radar consists of many small radar sets
each requiring a sensitive receiver. A circulator-coupled tunnel-
diode amplifier is inexpensive and provides a low noise figure.

By D. W. MacGlashan, Bendix

VERSATILE ANALOG STORAGE Uses Ferrite Cores. Sampled
signals used to simulate time delay in analog computer problems
must now be introduced from magnetic tape or capacitor-stor-
age. But thick-walled ferrite cores permit storing a variety of
voltage levels and allow use of electronic commutation.

By W. C. Till and Wen H. Ko, Case Institute
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DO IT NOW

IN 1957, seven years after the introduction of
the transistor, one of our editors attended the
first session in a graduate course on pulse and
digital circuits in a leading engineering school.

The instructor asked: “How many of you
know little or nothing about transistors?” Fully
three quarters of the class raised their hands.
As a result, the instructor spent the next two
sessions reviewing semiconductor fundamentals
before he even started on his advertised theme.

This scene would not be repeated today, but
the incident does serve to illustrate the serious
time lag that often exists between the disclosure
of a new technology and the widespread dissem-
ination of fundamental knowledge and applica-
tion techniques concerning it.

The reason we bring this up now is because
the electronics industry is on the threshold of
another major upheaval, the advent of inte-
grated circuits in which electronic functions are
created without the use of discrete components.
In the last three years, much has been written
about the subject. As often happens in our in-
dustry when a new concept comes along, how-
ever, public relations departments have
frequently been well ahead of engineering de-
partments in production capability.

But this situation is changing. The introduc-
tion of refinements has accelerated the pace at
which complete circuit elements, particularly
digital logic blocks, are becoming available for
use in systems.

The impact of new techniques will be felt at
all levels of our industry, and the time to prepare
for it is now, not five years from now. Here are
a few questions that should be preoccupying us:

Management: Eventually, integrated circuits
will have to be phased into some equipment. At
what rate should this be done, and when should it
begin? How will it affect technical personnel?
Should components be made or bought?

September 28, 1962
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Engineers: The art requires more conversance
with chemistry, physics and metallurgy than has
been needed up to now. How to prepare for the
future? How to become familiar with systems
concepts rather than just isolated circuit design?

Engineering Educators: Industry will require
more knowledgable engineering graduates, in the
face of declining enrollments. Will young gradu-
ates be primed to design transistor circuits, only
to find themselves swamped by unfamiliar circuit
concepts? Will simply adding new courses do the
trick, or will the whole curriculum have to be re-
vised?

The coming year will be the biggest yet for mi-
croelectronics in all its forms. ELucTroNIcs has
kept ahead and abreast of this important subject
from the beginning, and will continue to report
on it in a sober, responsible manner, but at a
faster pace.

Coming In Our October 5 Issue

NEC PREVIEW. Visitors to the National Electronics
Conference in Chicago October 8 through 10 will
hear some 125 papers. Some of the best of these
will be previewed by Midwest Editor Wiley. Topics
include ultrasonic laser modulation, infrared detec-
tion, ultrasonic image conversion, laser welding and
a Hall-effect compass.

In another fringe-of-the-field article, MIT re-
searchers describe a television transmitting system
that uses infrared-generating gallium-arsenide di-
odes. This work was outlined on p 24 of our July
27 issue. Next week’s article provides more compre-
hensive coverage.

Other articles next week will report on design
criteria and fabrication methods for double-ridged
waveguides used in broadband countermeasures sys-
tems, the design of the Project Relay communications
satellite, an ultrahigh-impedance amplifier, and a
reference sheet for calculating transmission-line
resonant frequency.
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EXTENDED
RANGE

More Accurate
Calibration

PRECISION
STEPATTENUATOR

Specifically designed to meet your
most exacting requirements for ac-
curacy and reliability, the Model
64A Stepattenuator, covering the
range from 0 to 64 db in 0.1 db steps,
includes these exclusive Weinschel
features:

NEW Calibration data of the highest
commercially available accuracy—0.02 db
per 10 db—permanently mounted on the
front panel for fast, easy reference

NEW Actual operable frequency range
—DC to 2 KMC

NEW Simplified readout

NEW 0ne male and one female Type
N connector for each drum to reduce the
need for adapters

For complete specifications on the
Model 64A Precision Stepattenua-
tor, or for information on special
models to meet other requirements,
contact our Application Engineering
Department.

WEINSCHEL

ENGINEERING

E———————

WEINSCHEL
D—LO

10503 METROPOLITAN AVENUE
KENSINGTON, MARYLAND

Tel.: 948-0141 (Area Code 301)
TWX: KENS 446

In California: 631 Wilshire Blvd.
Santa Monica
TWX: SMON 7185
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COMMENT

Avalanche Breakdown

In his article, Avalanche Break-
down of Silicon Rectifiers (p 68,
June 1), Mr. Fairchild suggests
(p 70) placing voltage divider re-
sistors in parallel if diodes are used
in series.

It seems to me that if the inverse
currents of diodes in series are not
equal, then the diode with the low-
est inverse current will be driven to
its Zener point but will carry there
only the inverse current of the
other diodes. Since the diode with
the highest inverse current will
work well below its Zener point,
this inverse current will be so low
that it will cause no harm.

For us practical engineers it is
quite important to know whether
there is any advantage in using
voltage-dividing networks with di-
odes in series.

JosePH C. FROMMER
Cincinnati, Ohio

Author Fairchild replies:

As a field engineer dealing with
avalanche breakdown, I too am con-
cerned with the practical aspects of
this problem. I can assure you there
is some advantage in using voltage-
divider networks and I will cite a
practical example later.

There are two sources of leakage
current through a reverse-biased
p-n junction. One is due to the
ohmic resistance of the junction
and varies directly with the magni-
tude of the biasing voltage. The
other is the junction saturation
current I,, As the avalanche volt-
age is approached, this current is
magnified by the factor 1/[1 —
(V/V,)®], where V is the actual
voltage applied to the junction and
V. is the avalanche voltage for the
junction. Thus it can be seen that
if the applied voltage is raised to
V = V, then junction current
would go to infinity and the junc-
tion resistance would be reduced to
zero.

When two diodes are connected
in series and one approaches its
avalanche point due to a voltage
transient, its junction resistance
drops dramatically. Now the bulk

of the transient voltage is applied
across the other diode, tending to
send it into an avalanche condition.
At this point it would appear that,
according to Kirchoff’s law, both
junctions should not have an ava-
lanche voltage impressed across
them at the same time, and this is
quite true. Since the first diode to
go into avalanche cannot recover
from this condition in zero time, it
is quite possible that it remains in
this condition long enough to drive
the other diode into avalanche.
Then if the transient has sufficient
current delivery capacity, both di-
odes will be destroyed.

I would like to give you a practi-
cal example of how voltage-divider
resistors were used with good re-
sults. The Federal Aviation Agency
was experiencing excessive failures
in some equipment using four
1IN1088 diodes in series, due to
variations in inverse impedance.
The Washington office ordered a
modification to install a 470K resis-
tor in parallel with each diode.
Since this modification, failures
have dropped to a negligible level.

The use of matched diodes or a
very high safety factor of the piv
rating of the power supply may
eliminate the need for voltage-
divider resistors. However, the di-
odes may not stay “matched” over
long periods of time and varying
ambient temperature conditions.

S. P. FAIRCHILD, JR.
Federal Aviation Agency
Tallahassee, Florida

To which reader Frommer ans-
wers:

I have a hard time seeing how
the second diode can get into its
avalanche condition if the first di-
ode is in that condition and if the
total voltage across the two diodes
is less than the sum of the two piv
voltages. Inversely, if the total
voltage is more than the sum of the
two piv voltages, how could the par-
allel resistors save the diodes? But
I certainly would not argue against
the empirical fact that the parallel
resistors did reduce failures and I
shall try such resistors from now
on.

A possible explanation is that
perhaps continuous exposure of the
diode to smaller inverse current
slowly undermines its resistance to
high inverse voltages.

electronics



Only Lambda offers:

Environment-engineered power supplies

mass-produced at Competitive Prices

S —-?r.

> 2

e o )

-

WITHOUT METERS
(Controls in Rear)
LE 101

NEW
LE SERIES

DC OUTPUT

(Regulated for line and load.)

WITH METERS

(Controls in Rear)
LE 101-M
1]

Y

===

(Front Panel Controf)

WITH METERS

PIUS these rearunes:
e All solid state )
e Completely protected

¢ Adjustable automatic
current limiting

e Continuously variable

e Remotely programmable
over entire range

LE 101-FM

e Constant voltage /

036 VDC 5Amp | LE101 $420 | LE101-M $460 | LE 101.FM  $470 o
@35VD?_ 10Amp | LE102 525 | LE102M 565 | LE102FM 575 ;l o Wide input frequency
036 VDC 15Amp | LE103 595 | LE103-M 635 | LE103FM 645 | and voltage range
036VDC  25Amp | LE104 775 | LE104M 815 | LE104FM 825 e Convection cooled—no
0-18VDC BAmp | LE105 425 | LEI05M 465 | LE105FM 475 | Rl
0-9V0C  10Amp | LEI03 430 | LEI09M 470 | LE10SFM 480 | o el

' e Guaranteed 5 years

————

REGULATED VOLTAGE:
Regulation
(line and load)

......

Transient Response
(line)

.......

Remote Programming ...

Ripple and Noise

Temperature Coefficient .

-

CONDENSED TENTATIVE DATA

Less than .05 per cent or 8 millivolts
(whichever is greater). For input
variations from 105-135 VAC and for
load variations from 0 to full load.

....Output voltage is constant within

regulation specifications for any 15
volt line voltage change within 105-
135 VAC.

Output voltage is constant within 25
MV for load change from 0 to full
load or full load to 0 within 50 micro-
seconds of application.

.50 ohms/volt constant over entire

voltage range.

Less than 0.5 millivolt rms.

.Less than 0.015%/°C.

AC INPUT: .......... 105-135 VAC; 45-66 CPS and 320-480
CPS in two bands selected by switch.
OVERLOAD PROTECTION:

Thermal ............. Thermostat, reset by power switch,
thermal overload indicator light front
panel.

Electrical:
External Overload
Protection ........ Adjustable, automatic electronic cur-
rent limiting.
METERS: .........cc0u.. Ruggedized voltmeter and ammeter

to Mil-M-10304B specifications on
metered models.
PHYSICAL DATA:

Mounting ............ Standard 19” rack mounting.
SiZe o6 oms . LE 101,LE 105,LE 109 3%2"Hx19"W=x 16" D
LEV02 - cxgg -a¢e - [ br- 514"Hx19"Wx 16" D
LEI103 civ. o0 .. cammon 7" Hx19"Wx16%" D
LE 104 cosonaivin o o 102" Hx 19" W x 162" D

SEND FOR COMPLETE DATA ON LE SERIES

LAMBDA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD ¢« HUNTINGTON, L.I.,. NEW YORK ¢ 516 MYRTLE 4-4200

Western Regional Office: 230 North Lake Avenue, Pasadena, California e Phone: Code 213, MUrray 1-2544
New England Regional Office: 275 Boston Post Road, Mariboro, Massachusetts e Phone: Code 617, HUntley 5-7122
Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. 1., New York e Phone: Code 516, MYrtle 4-4200

Southeastern Region: W. A, Brown & Associates, Inc.,, Engineering Representatives

tataa

Orlando, Fla. e Fort Lauderdale, Fla. ® Huntsville, Ala. ® Alexandria, Va. ® Winston-Salem, N. C.
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from any signal source 800 to 2,400 MC
from any cw signal to 1 watt

il

ERFECT

MODULATION

free of jitter and incidental FM

.I INTERNAL I EXTERNAL l

BYNC OUTPUTS
DELAYED

c) Cp

New ¢p 8714A Modulator delivers fast, jitter-free
and FM-free pulses from any signal source or
generator from 800 to 2,400 MC. A rise time of 20
nsec and fall time of 10 nsec are the result of
using an absorption modulator composed of
electrically controlled PIN diodes. Since the
signal source, either klystron or BWO, is always
operated in the cw mode, and the PIN diodes
present a good match under all modulation
conditions, pulses from the 8714A are free from
incidental FM and jitter.

The 8714A has internal modulation genera-
tors providing square wave and pulse modula-

tion 50 cps to 50 KC, with continuously variable
width and delay controls. The internal square
wave and pulse generators may also be exter-
nally synchronized at rates up to 1 MC for non-
periodic modulation. External modulation capa-
bility in pulse and AM modes to at least 1 MC is
also provided.

Push button function selection, simple con-
trols and versatile rack or bench mount make
the 8714A easy to use. Solid state design and
rugged construction assure years of convenient
and trouble-free service.

Frequency range:
RF input power:

SPECIFICATIONS

800 to 2,400 MC
Maximum 1 watt

SWR: 1.5 maximum at minimum attenuation,
2.0 maximum at 80 db attenuation
Impedance: 50 ohms nominal
On-off ratio: Better than 80 db
Rise time: 20 nsec ®
Decay time: 10 nsec
Internal repetition rate: Variable from 50 cps to 50 KC, 3 decade ranges
Jitter: < 1.0 nsec

Internal pulse width:
External sync:
External AM mod:
External pulse mod:

Variable from 0.1 usec to 100 usec in 3 decade ranges
0 to 1 MC depending on width/delay ratio

Max. freq.,, 1 MC sinusoidal

Max. rep. rate, 1 MC

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code

Dimensions:  1634" wide x 4” high x 18%“ deep 415, DA 6-7000. Sales and service representatives in
Weight: 23 Ibs. all principal areas; Europe, Hewlett-Packard S.A.,
lice-Jur8S0100 54-54bis Route des Acacias, Geneva; Canada, Hewlett-

7879 Data subject to change without notice. Price f,0.b. factory
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Packard (Canada) Ltd., 8270 Mayrand Street, Montreal
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ELECTRONICS NEWSLETTER

Japanese Develop High-Speed Parametron

TOKYO—Kokusai Denshin Denwa (KDD) Laboratory says it has
developed a wire parametron that switches as fast as a transistor
and is as reliable as a conventional ferrite-core parametron, (p 73,

June 30, 1960).
circuits using film parametrons.

The developer, Shintaro Oshima,
of KDD, said there are now seven
manufacturers making wire para-
metrons on an experimental basis.
KDD has agreements with IBM and
NCR to exchange information,
Oshima added. As soon as patent
approval is granted, the U. S. man-
ufacturers will begin making it, he
said.

Another company, Tokyo Radio
Coil Corp., announced last week that
it will start selling wire paramet-
rons domestically in January, at
prices one-third that of transistors.

KDD’s wire parametron is made
by plating Permalloy on copper
wire. Its excitation frequency is re-
ported to be up to 100 Mec, com-
pared to 2 Mc for conventional
parametrons, providing a 1-Mc clock
frequency instead of 20 Kc. Power
consumption and size are much
lower than core-type parametrons.

In the film units, Permalloy is
evaporated on glass and wrapped
with the oscillation coil. Its excita-
tion frequency is 2.3 Mec. Several
micromodule converter units have
been made in the lab.

Force-Free Fields May
Avoid Magnet Breakdown

BOSTON—New approach to creation
of force-free magnetic fields may
help overcome internal stresses, one
of two principal problems in design
of megagauss magnets. The thermal
problem is being tackled by liquid
cooling and superconductors, but
less emphasis has been given to
breakdown of crystalline structure
of materials.

Approach devised at Air Force
Cambridge Research Laboratories
was suggested by the absence of
forces in magnetic fields in space
and in laboratory plasmas. When
fields are created by gaseous mech-
anism, current and field vectors are

September 28, 1962

KDD also reports development of micromodule

alway parallel. Goal of AFCRL pro-
gram is to spread the forces over a
larger area, by creating a force-
free zone and bringing about grada-
tion of force values at other parts
of the field.

The problem is to determine the
geometry of the conducting wire
layers to result in a force-free zone
in the magnetic field. Research to
date by M. A. Levine and G. L.
Hand has been largely mathemat-
ical, but several configurations have
been fabricated.

Plug-In Circuit Modules
Sealed in Tube Envelopes

NEW YORK—Sylvania is developing
miniature, integrated-circuit mod-
ules consisting of thermionic de-
vices and associated circuits built
inside common vacuum tube enve-
lopes. Resistors and capacitors are
formed on ceramic substrates and
encapsulated in a standard minia-
ture tube envelope.

Module is a functional circuit
that operates at temperatures be-
tween —50 C and 300 C and with-
stands high radiation, shock and
vibration. Modular thermionic cir-
cuits are applicable to high volume
production, it was reported at last
week’s tube technique conference,
sponsored by the Advisory Group on
Electron Devices. Some 500 engi-
neers attended the conference.

Flock of Satellites
Would Route Messages

MARTIN COMPANY engineer says
that a network of randomly orbit-
ing satellites would provide global
military communications coverage
without the necessity of coordinat-
ing satellite locations and the mes-
sage paths. The system would be
based on Martin’s random access
and correlation communications
technique, Racep (p 8, March 2).

The network would consist of 57
12-channel, 250-1b satellites at an
altitude of 1,000 miles, Donald L.
Haas told the Air Force Association
meeting in Las Vegas. Transmitter-
receiver stations would weigh only
50 1b and would use omnidirectional
instead of tracking antennas. Sys-
tem bandwidth would be 8 Mc. Up
to a million users could be accom-
modated, Haas said.

Each ground station would be
within range of several satellites.
Messages would be automatically
switched through the network,
from satellite to satellite. Since pre-

More Noise, Better Reception

ONE WAY TO GET more messages over a voice radio band is to use
the cocktail party effect (p 3, Feb. 16), thinks Maurice Rappa-

port, a Stanford Research Institute psychologist.

Believing the

effect is possibly due to a person’s ability to use the stereo effect of
two ears to listen selectively, Rappaport tried this experiment:
He put two headphones on a number of subjects and sent them

six messages monaurally and one message binaurally.

They

heard 96 percent of the binaural messages. As the number of
monaural messages were increased, they sounded more like in-
distinguishable background noise.

In this way, Rappaport found, 10 messages can be sent on five
frequencies. He believes 10 frequencies can handle 45 messages.
The technique, he thinks, can be used for secure communications
as well as in regular voice radio systems. The enemy would have
to tune simultaneously to two frequencies that could be con-

tinually varied




programmed routes would not be
used, Haas said, failure or destruc-
tion by attack of specific satellites
would be overcome.

Japan Spends $100 Million
On New Electronic Plants

NEW YORK—The Japanese elec-
tronic industry will spend about
$100 million on plant moderniza-
tion, expansion and research during
the fiscal year ending March 1963.
This prediction was made by Fumio
Iwashita, president of Tokyo Shi-
baura Electric Co. (Toshiba) and
vice chairman of the Japan Elec-
tronic Industry Development Asso-
ciation. Iwashita believes that
Japan’s liberalizing of import re-
strictions on foreign trade in next
month will lead to increased pur-
chases of U. 8. products by Japan’s
industry and consumers.

Japan Resumes Transistor
Exports to Hong Kong

JAPANESE Ministry of International
Trade and Industry has released 65
percent of the first six-months’ ex-
ports of transistors to Hong Kong,
according to a report from Tokyo.
The release is good until the end of
the year. MITI had banned tran-
sistor exports to Hong Kong, on
May 25, but partially lifted the ban
in late July. On a customs clearance
basis, Japan reportedly exported 18
million transistors, or an estimated
4.1 million transistor kits, to the
British colony during the first six
months of this year. The wide dis-
crepancy between this figure and
transistor radio export figures re-
ported by Hong Kong officials (see
page 24) was not explained.

25-Pound Thermionic Solar
Converter Output 41 Watts

LOS ANGELES—Electro-Optical Sys-
tems demonstrated this week a
solar thermionic conversion system
having an output of 41 watts, twice
that of any previously reported sys-
tem, according to a company spokes-
man. Using a 5-foot-diameter solar-
concentrating mirror and weighing
25 pounds, the system focuses the

sun’s energy into a cube-shaped
cavity where the elements of 5
cesium vapor thermionic convert-
ers are heated to approximately
1,700 C.

Originally designed for the Mar-
iner class spacecraft, the system’s
prototype unit reportedly has been
successfully tested to Atlas-Agena
launch conditions. Present models
have a thermal conversion efficiency
of about 8 percent.

Canadian Satellite Will
Probe Upper Ionosphere

NASA ANNOUNCED last week that it
would launch soon Canada’s iono-
sphere topside sounder, the Alou-
ette as part of a broad program of
ionospheric research. One of the
unique features of Alouette is its
long, thin antennas, one 150 feet
long and the other 75 feet. The
satellite is to probe daily changes
in the ionosphere above the F2
layer by sending out signals swept
from 1.6 Mc to 11.5 Mc. Data will
be obtained at 13 ground stations.
Other experiments will measure ra-
dio noise in space and in the iono-
sphere.

FCC Delays Action on
New Educational TV Band

FCC HAS EXTENDED tu October 30 the
date for comment on the proposal
to use the 2,500 to 2,690-Mc or 1,990
to 2,110-Mc bands for educational
tv service (p 7, August 3). The ex-
tension was requested by industry
and educators, but an FCC spokes-
man said no important resistance
to the proposal is expected.

The National Association of
Broadcasters is backing use of the
2,500 to 2,690-Mc band for instruc-
tional and cultural transmission,
but asked that 1,990 to 2,110-Mc
band be reserved for auxiliary
broadcast services, including sta-
tion transmission links, remote
pickups and relays.

FCC said service would be classed
as fixed-station, multiple address,
that directional broadcasts from
transmitters to receivers would
avoid interference and that the use
of low-power transmitters with a
range of 10 to 25 miles is antici-
pated.

In Brief . . .

NAVY is reported to be planning a
“picket line” of automatic ocean-
ographic data-gathering stations.
BuShips is expected to seek bids
soon for 1,000 thermoelectric
units able to provide 100 watts
continuously for 9 to 12 months.

AIR FORCE plans to make the first
unmanned flight with Dyna Soar
(p 24, June 22) in 1964 and
manned flight in 1965. Beckman
Instruments has a $1.5-million
Boeing contract for three analog
flight-simulation computers.

ORDER for a million silicon diodes
has been placed with Fairchild
by Scientific Data Systems. SDS
is shipping three digital com-
puters to NASA this month, said
it will be producing the SDS 900
at a rate of one a week next
month.

AIR FRANCE is installing a real-time
seat reservations system in Paris.
Bought from Teleregister, it in-
cludes two computers and can
handle 6,000 requests an hour.

ITALIAN subsidiary has been set up
by Leeds & Northrup to make and
sell L&N products in Italy.

DIEHL MFG. CO., has contracted to
purchase Air Marine, Inc. and
Motordyne Corp. from the MITE
Corp.

MILITARY contracts include $7 mil-
lion to Raytheon from Navy for
Sparrow III missile work; $4.3
million to Western Electric for
Army radios; $1.5 million to Col-
lins Radio from Air Force for
aircraft indicators.

HOWELL INSTRUMENTS is to make
airborne engine analyzers for Air
Force jets under a $200,000 con-
tract. Datex is building a radio-
telescope antenna data encoding
systems with a recording accu-
racy of 5 seconds of arc, under a
$63,000 NASA contract.

ANTISUBMARINE warfare contracts
from Navy include $843,737 to
General  Dynamics/Electronics
for airborne sonobuoy receivers.
Loral Electronics is to develop a
tactical bearing and ground speed
computer for patrol planes.

electronics



~-QUICK DELIVERY -FROM -SPRAGUE

-
e e
-

ONE-WATT
BLUE JACKET
RESISTOR

P. S. Big brothers are available up to 11-watts power rating
P. P. S. For complete technical data write for Engineering Bulletin 7410C

SPRAGUE ELECTRIC COMPANY *+ 35 MARSHALL STREET, NORTH ADAMS, MASS.
For application engineering assistance write:
Resistor Division, Sprague Electric Co., Nashua, New Hampshire,

SPRAGUE COMPONENTS

®
RESISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s p n n G u E
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS THE MARK OF RELIABILITY
MICRO CIRCUITS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS

*Sprague’ and ‘(' are registered trademarks of the Sprague Electric Co.
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SILICONE NEWS from Dow Corning

Embed, pot, encapsulate

Cut encapsulating costs with tough,
flexible, easy-to-use Sylgard™ 183

This new. opaque. solventless silicone resin protects intricate components
avainst heat, moistuve. shock. vibration. ozone. voltage stress and thermal
cveling.  Combining toughness with flexibility, Sylgard 163 offers long
pot life, deep section cure, and requires no post cure.

Fast, easy to use. Supplied as a low viscosity black fluid, Sylgard 133
flows freely and smoothly into place after blending with a curing agent.
When heat is applied, the material <ets up without exotherm to form a
tourh-but-flexible diclectric material. Recommended curing schedule: four
hours at 65 C (1530 F1: can be varied from 15 minutes at 150 C (300 F)
to 24 hours at 10 C (100 F). Syleard 183 cures in sections of unlimited
thickness even when completely sealed: is usahle at temperatures from —065
to 250 C (—85 to 500 I} immediately after curing.

Repair of sealed components is simple: sections of the resin are cut out,
repairs made. new Syleard 183 poured in place. The new resin bonds
tichtly to the original embedment. Sylgard 183 is compatible with a wide
range of materials including metals, plastics. glass, asbestos, natural and
synthetic fibers, and ceramics.

Physically, dielectrically tough. When cured, Sylgard 183 retains
its properties over a wide range of temperature, frequency and humidity;

SYLGAR
183
CURING Al

is effective from —65 to 250 C; shows no
significant change in physical or electrical
properties after 1,000 hours of continuous
aging at 250 C: has tensile strength in the
range of 800 to 1.000 psi.

Test shows absence of exothermic heat
Svigard 183 (right) holds room temperature
throughout cure: organic material (left)
generates temperatures of more than 100 F.

CIRCLE 289 ON READER-SERVICE CARD

Dow Corning is your hest source for a broad
line of silicone fluids. gels, elastomers and
rigid forms for potting, filling, cmbedding
and encapsulating.

first in

silicones

10

Dow Corning
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—~with these silicones

-

See-through embedding

Supplied as an almost colorless liquid. Sylgard 162 solvent-
less silicone resin pours easily in place; forms a tough
transparent mass that provides maximum protection and
complete visual inspection of components. Sylgard 182
features a cure schedule similar to that of Syvigard 183:
offers equal curability in thick sections, and in con-
fined spaces; has good dielectric properties and moisture
resistance. Long service life from —065 to 200 C.

Elongation is in the range of 1009 : tensile strength from
800 to 1.000 psi. Repair of embedded parts follows same
procedure as for Sylgard 183.

CIRCLE 290 ON READER-SERVICE CARD

Resilient encapsulating

Silastic® RTV silicone rubber cures without heat to form
a tough. rubbery dielectric mass. Available in several
colors and grades. it is easily applied by caulking gun or
by pouring. Though higher in viscosity than Sylgard 183,
it flows smoothly around delicate components without stress
or pressure: forms a solid rubber jacket that protects from
—55C to about 250 C (—67 [ to about 182F): resists
weathering, moisture. ozone. corona. shock and vibration.
Repair of encapsulated circuits or components is easy. using
a procedure similar to that detailed for Sylgard 183.

CIRCLE 291 ON READER-SERVICE CARD

Self-healing protection

This clear potting compound pours easily into assemblies;
fills all voids: exerts negligible stress on components: cures
to a jellv-like. transparent. resilient mas=s without exotherm,
Curing time can be varied from 30 minutes to 18 hours;
curing temperatures from 10 to 150 C. Potted parts can
be quickly checked. either visually or by instrument probe.
When probe is removed. Dielectric Gel reseals itself with
no alteration of properties. Fully cured. it is self-healing
from —60 to 200C (usable to --100C) has excep-
tionally stable dielectric properties: resists moisture; will
not revert to fluid. Repair procedure is similar to that
previously described.

CIRCLE 292 ON READER-SERVICE CARD

For detailed data on these silicones. contact Dow Corning Corporation,
Dept. 3909, Midland, Michigan.
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SATELLITES
ENGINEER
CAN’T BID

ON HARDWARE

NO BIG STEPUP
IN NATO R&D

MINOW GETTING
FCC MAJORITY

UHF TELEVISION
BANDWAGON
STARTS ROLLING

12

WASHINGTON OUTLOOK

ITT IS PROHIBITED from bidding on hardware production for
military space communications systems, under a new Defense Com-
munications Agency contract to provide “system engineering and tech-
nical advice” on development of random and synchronous military
communications satellite systems. The contract, for up to $12.2 million,
will run four years. At least three other electronics companies were
considered, but Pentagon officials say they refused to accept the ban
on hardware bidding.

A Defense Department official indicated that contractors on the
Army’s now-defunct Project Advent may find additional work in the
new DCA-ITT program. Army and Air Force are expected to invite
development and production bids shortly, with contracts to be awarded
after January 1.

Prohibiting hardware production by system engineers—a long-stand-
ing question (see ELecrronics, p 22, Aug. 25, 1961)—will be spelled out
in an upcoming administrative directive on corporate conflicts of in-
terest. NASA policy is like that the Pentagon applied to the ITT con-
tract. AT&T, man-in-space program communications system engineer,
can’t seek hardware orders in areas where its system engineering might
give it a “‘competitive advantage.” NASA and GE, technical advisor
on the lunar launch vehicle checkout system, are negotiating what pro-
duction contracts GE can seek.

DISCOUNT ALL THE TALK about a big stepup in joint mili-
tary R&D projects among NATO nations. Plans for a step-up were
proclaimed officially after the recent meeting in Washington of U.S.
and British defense chiefs, but serious bottlenecks are developing. Ad-
mits a top-level Pentagon official: “It’s hard to avoid situations which
are not disadvantageous to one or another country.” Costs and informa-
tion are shared, but individual countries get specific projects.

NEWTON H. MINOW soon will be firmly in the saddle at FCC
with a dependable majority of the seven-man board to back his
philosophy of tough regulation for broadcasters. E. William Henry, a
33-year-old Memphis lawyer, will replace John S. Cross, whose term
expired. T. A. M. Craven, now the FCC’s only engineer, reaches the
mandatory retirement age of 70 on January 31. With Cross and Craven
gone, Minow should have little difficulty lining up at least four votes
on every issue involving closer regulation of licensees on technical and
programming performance.

A SNOWBALLING EFFECT may benefit FCC’s promotion of
uhf tv broadcasting, now that mandatory production of uhf-equipped
sets is the prospect for 1965 models. Major broadcasters like CBS, who
couldn’t make uhf go in the past because not enough people had sets,
are taking a new look at prospects. Kaiser Industries with two vhf
stations, has asked FCC for uhf stations in Chicago, Detroit, Phila-
delphia, San Francisco and Los Angeles. Why has Kaiser moved in
so fast? Richard C. Block, its broadcasting manager, thinks the uhf
boom will happen so quickly that broadcasters who don’t get in now
will risk missing the boat entirely.

electronics



The new Statham Amplibridge is a
self-contained transducer and amplifier in which the transducer itself, in addition to supplying the
primary signal, serves also as one of the stages in the amplifier. The system™ is thus equivalent to
a conventional closed loop servo system with inherent stability and accuracy. The number of electronic
components is minimal, and is all contained in a case integral with the transducer itself. There are no reactive
elements, no magnetic components, no semi-conductor strain gages. Size and weight are virtually unchanged
from conventional strain gage transducers. The Statham Amplibridge transducer simply puts out the five
volts D.C. needed for telemetry work with little increase in power drain. Statham Amplibridge transducers are
now in production. Pressure transducers are available in ranges from 5 psi through 5000 psi full

®
scale; absolute, gage, and differential. Accelerometers are available from ==1g through ==100g W

full range. For specifications write: Statham Instruments, Inc., _ Los Angeles 64.

Another first from Statham research...

amplibridee

,V \ VE A {

I ] “ Ivﬂ ]).?( o

N\ OUTPUT
STRAIN

@ JeiGE

TRANSDUCER

* PATENT APPLIED FOR
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| Copper-clad laminate
- should be WORTH the

servo
amplifiers

Introducing the Kolisman Motor Corporation Series
“6000""—a completely new line of transistorized servo
amplifiers. Although many servo amplifiers offer compar-
able specifications in some parameters,.only the series
6000 combines all the latest developments and improve-
ments.

Ruggedness: Designed to meet or exceed all environ-
mental requirements of MIL-E-5272 and MIL-E-5400.

Servo-Mounted: Amplifiers have the same mounting con-
figuration as BUORD servo motors.

High Reliability: All circuit design parameters and com-
ponents are conservatively rated for maximum perform-
ance within specifications.

Maintenance Accessibility: Unlike most competing units,
Kollsman long-life amplifiers attain even greater life
through parts replacement.

Fast Delivery: Can begin 30 days after receipt of order.
Typical Specifications:

Carrier frequency—400 cps or 60 cps

Power source—28 -+ 2VDC

Power output—up to 18.0 watts

Type of output—Push-pull

Input impedance—10K ohms. Other values available on
request.

Maximum available voltage gain—4000:1 or 72 DB

Phase shift—0° + 10°. Measured at linear portion of
the output.

Gain stability over temperature range:

Series S Series G

—55°c to 125°¢ |—55°c to 71°¢
Gain below 60 DB -+1.0DB =+2.0 DB
Gain above 60 DB =+2.0 DB 3.0 DB

Write Kollsman Motor Corporation for specifications on
standard amplifiers, and information on amplifiers built
to your specifications.

@ kollsman motor corporation

Dublin, Pennsylvania e« (215)249-3561
A subsidiary of Kollsman Instrument Corp.
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circuit printed on it

Most printed circuits require a high-quality, reliable
copper-clad laminate. Synthane goes to extremes
to check foil quality,adhesives and the laminate.
We test peel strength at room temperature and at
500°F, using a newly-developed peel tester. Synthane
checks blister resistance and heat resistance, and
measures the thickness of the entire sheet (not merely
the edges) with a new Synthane-designed instru-
ment. Synthane prints and checks test patterns. Be
sure the laminate is worth the circuit you print on
it. Write for Copper-clad Bulletin.

[SYNTHANE]

CORPORATION Ls_l OAKS, PENNA,
Glendale 2-2211 TWX Valley Forge 735U
Synthane-Pacific, 518 W. Garfield Ave., Glendale 4, Calif. TWX GLDL 44170

Synthane Corporation, 36 River Rd., Oaks, Pa.

Gentlemen:
Please send me new bulletin, '*Synthane Metal-clad Lami-
nated Plastics"

Name.

Address

[ e e S s S o o
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WHERE THE SKYLINE IS SUBJECT TO CHANGE

You swing into things when you build a plant in the
Baltimore area — an area growing far faster than the
nation. Old buildings coming down, new ones going
Factories, warehouses, suburban develop-

up fast!
New office towers, the huge $127,000,000

ments.

Charles Center and new Civic Center. New express-

ways and beltways that shorten travel time.

PUT YOUR PLANT IN
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Move into an area that’s obviously on the move . . .,
gives the competitive advantages of a world port,
superb transportation, ready sources of labor and
materials, easy access to half the U.S. buying public
and just minutes driving time from the Nation’s capi-
tal. Plant sites aplenty . . . 2,500 zoned acres in 30
industrial parks — more being planned. When you
think big, think BALTIMORE.

For confidential information, write Robert J. George,

BALTIMORE GAS AND ELECTRIC COMPANY, Batlti-
more 3, Maryland. Or call him at 301-539-8000.
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WHAT

IS
THE

“HH"” SERIES?

The “HH” series is Hitachi’s new superior line of television receiver
tubes, the ultimate in far-reaching reception of television waves.

For RF amplifier of VHF television tuners, specify the 4R-HHZ2 and
6R-HH2 which feature very high transconductance, high sensitivity and
low noise. These twin triode tubes replace the 4BQ7A and 6BQ7A
without change of circuit.

For frequency convertor and local oscillator of VHF television tuners,

specify SM-HH3 and 6M-HHS3 twin triodes which replace the 5J6 and
6J6 without change of circuit.

The ‘“HH” series is another fine quality line from Hitachi, one of the
most completely integrated electrical manufacturers in the world.

2242 South Western Avenue,
Chicago 8, Illinois, U.S.A.

L \Xd.

Tokwyo Japan

INTERNATIONAL IMPORTER INC. @ o
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*APPROX. PRICE OF COMPETITIVE DEVICES

Detailed valve-analysis chart shows how cost, size, and performance
advantages can be yours. Clip coupon, or circle reader service

a number, for free copy.

Why pay as much as $1500 for a microwave device if a $16
N EW G-E ceramic tube will do the job? In many UHF applications up to

10 KMC (power amplifiers, oscillators, or frequency multipliers)
high-gain, low-noise ceramic tubes can often replace TWT’s, klys-

G E N ERAL ELE CTRI C trons, magnetrons or pencil tubes and provide better over-all per-
formance. Oftentimes, ceramic tubes can effect component cost

reductions of 5 or 10 to 1, and reductions of 50 to 1 are possible.

C E RA M I C TU B ES Value analysis will show you that G-E ceramic tubes can mean even

greater over-all savings. Most common reasons: simplified system
design, fewer components, reduced power requirements, and elimina-

REDU CE tion of cooling equipment. Microminiature ceramic tubes increase
system resistance to radiation, provide extreme high-temperature

tolerance (400°C., max.), and are up to 40 times smaller and 20

M I CROWAVE times lighter than many other UHF devices.

Most G-E ceramic tubes are on approved MIL-spec lists and are

CO M PO N ENT CO STS available “off-the-shelf” from your local G-E receiving tube sales
representative. Send, today, for your free value-analysis chart which

lists all the cost, size, and performance advantages that can be
D OWN TO yours with G-E ceramic tubes.
$16.00

OR LESS |
_ I Name Tille

G-E TIPS (Technical Information and Product Service)
General Electric Receiving Tube Dept,

Room 1718

Owensboro, Kentucky

Progress Is Ovr Most Important Product Company Address

City Zone State

GENERAL @ ELECTRIC
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AIR FORCE Revamping Systems

Industry will face
restrictions on proposals,
more cost-consciousness

BOSTON—AIir Force Systems Com-
mand’s procurement policy shift
away from cost-plus-fixed-fee con-
tracts and towards fixed-cost and
incentive contracts brings with it a
revamping of procurement opera-
tions, Brig. Gen. 0. J. Glosser, vice
commander of Electronic Systems
Division, told the American Man-
agement Association recently.

To iniplement the new emphasis
AFSC is

* Expanding in-house design ca-
pability

* Limiting RFPs (Requests for
Proposals) to companies that
have “a realistic chance”

* Buying more off-the-shelf items
to reduce systems’ cost, size and
complexity

* Exploring possibility of delayed

costing of proposals

¢ Taking another look at study
contracts—and already par-
tially resuming them

e Considering a rating system

based on contractors’ past per-

formance.

The move toward fixed-price is
evident in two recent contracts
from the Electronic Systems Divi-
sion (ESD) at Hanscom Field,
Bedford, Mass. Both involve the
416-L (Sage) command and control
system.

A $24,450,000 award to Bur-
roughs for Buic (ELECTRONICS,
p 28, Apr. 20, 1962) is a combina-
tion fixed-price and incentive con-
tract. The $7,754,000 award to
Philco for the Alaskan Command
Display System is a fixed-price con-
tract with some provisions for
value engineering.

“We must face the fact realis-
tically that the cost-plus-fixed-fee
contract is running into increasing
disfavor. Its advantage of flexi-

Guidance Simulates Bat Sonar

LOCKHEED researchers at Palo Alto
have developed a guidance device
for the blind that stimulates tech-
niques used by bats. The battery-
operated device emits supersonic
signals and receives echoes by a
pair of pickups acting as “ears.”

Two techniques are used, echo
ranging with pulses and a combina-
tion of echo ranging and doppler.
The first locates objects and tells
how far away they are. The second
provides additional information on
the objects and their motion.

The wearer hears the pulse
echoes as clicks and the doppler re-
turns as a set of whistles, whines
and squeeks. The second technique
is believed to approximate that
used by many species of bats.

Developers are A. E. Brown, D. J.
Hodgson and E. R. Holland, of
Lockheed. Brown said that the size
of the apparatus can be reduced
considerably. The experimental de-
vice is too cumbersome for practical
use.

18

ECHOES
transmitted and received by trans-
ducers in box are heard in ear-
phones

of supersonic signals

bility is offset by the indefiniteness
of its cost features,” Glosser said.

PROPOSALS—The Air Force is
expanding and tapping more freely
its in-house capability for system
design, so that it can produce more
definitive RFPs. At Bedford, this
is reflected partly in substantial ex-
pansion of Mitre Corp. facilities.

Secondly, Glosser said, “We are
taking a closer look at contractor
capabilities, to insure that our
RFPs go only to those companies
which have a realistic chance of
winning the competition.”

The costs to industry of drawing
up proposals and to the Air Force
of evaluating them, “are so high
that we are conscience-bound to
issue RFPs to the absolute mini-
mum of companies,” he said.

For use in negotiated procure-
ments, the AF Systems Command is
exploring the possibility of de-
layed cost proposals. Contractors
would be asked in the RFP to sub-
mit technical proposals by a speci-
fied date, but would be given an-
other two or three weeks to submit
price proposals, and might even be
allowed to submit addenda to tech-
nical proposals.

AFSC, he said, is taking a long,
hard look at the advisability of
evaluating a company’s past per-
formance—giving it a sort of
“credit rating.” The idea seems to
have logic on its side, said Glosser,
“but the character and competence
of a company are not static. Some
companies get better, some get
worse. Personnel come and go. A
discovery in a lab can raise the
standing of a company overnight.”

STUDY CONTRACTS — Industry
has changed its mind, said the gen-
eral, about the worthwhileness of
study contracts, which the AF had
curtailed largely because of indus-
try criticism that the study con-
tractor was put in a highly prefer-
ential position to earn the imple-
mentation contract.

Now industry—by and large—is
requesting resumption of study
awards, according to Glosser. Un-
der some conditions, he said, there
is no logical substitute for them

electronics




Procurement Operations

and they had been “invaluable to
the AF in helping to choose the
right design for a new weapons
svstem.”

He said industry sees these study
contracts as logical in view of the
move toward incentive and fixed-

price contracts—which require a
clear direction and specifications to
be agreed on before they are signed.

“And industry,” commented an-
other Air Force officer, “does not
want to see all of this study money
go to the nonprofit corporations.”

HIGH ROAD AND LOW ROAD TO NEW SYSTEMS?

SEATTLE—Contracting procedure that would let the military explore
novel approaches to new systems without risk to the national security
was proposed at the National Advanced-Technology Management Con-
ference this month by William B. McLean, technical director for the
Navy Ordnance Test Station at China Lake, Calif.

McLean proposed that “whenever we are forced by political pres-
sures to start a crash program, we should select a prime contractor
and start funding him at whatever level seems politically expedient.”
Then, anyone who thinks he can do the job using a novel approach for
one-tenth the cost of the prime contract would also get a contract.

The large program will provide a “safe, scheduled and well-funded
route toward the objectives” while the “more risky venture”’ will “try
out the talents of our creative designers without forcing them to risk
the political safety of the nation,” McLean said

Stereo Preamplifier Uses 33 Transistors

MAIN PURPOSE of using transistors in its mew stereo preamplifier,
reports Harmon-Kardon, is not to reduce size but to obtain better tone.
The company says that frequency response is 0 to 3 db between 1 ¢ps and
1 Mc and that harmonic distortion is unmeasurable at 2-v output from 20
cps to 20 Ke. Its seven temperature-stabilized stages yield over 200 db of
forward gain with feedback removed. Price tag is $250 in kit form and
8850 factory-wired
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POTTER INSTRUMENT CO.,

/,.,,mu"»l' As I cHD | pb

“Nothing is impossible to diligence and skill
Samuel Johnson

’
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(&) These are the trademarks

of some of our customers—
each an important contrib-

\ utor 1o o dramatically

A
growing industry. We at )
Potter pledge our diligence
and skills to this growth

through o constantly
expanding program of
research and development.
. W o
’ /
Digital
Equipment Corp.
chose
POTTER
Transports

for PDP-1

digitialt

Digital’s Programmed Data Proces-
sor-1 is a general purpose digital
computer with speed, flexibility and
powerful programming features
which have led to its selection for
many scientific and research appli-
cations.

Potter MP06IL Tape Transports pro-
vide maximum reliability for the
PDP-1 system. They accommodate
five tape widths up to 1%’ and at
speeds up to 120 IPS. In addition,
data transfer rates of 62,500 BCD
digits per second are readily ob-
tained using standard recording
techniques.

To learn more about the versatile
M9O6II for standard or high density
recording applications simply
write. ..

Manufacturers of:

® Digital Magnetic Tape Systems
o Perforated Tape Readers

e High Speed Printers

© Data Storage Systems

ta

INC.

Sunnyside Boulevard + Plainview, New York
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MB ELECTRONICS

VIBRATION NEWS

A DIVISION OF TEXTRON ELECTRONICS, INC.

Representatives in principal cities throughout the world

New concept: MB Sine /Noise Discriminator
boosts capability of vibration test equipment

More and more vibration test spe-
cifications require mixed sine and
random signals, as well as independ-
ent control and programming of the
sine and random spectra. Yet, pres-
ent test practices for independent
control have been impractical, ex-
pensive and time consuming.

20 CIRCLE 20 ON READER SERVICE CARD

The new MB Model N234 Sine/
Noise Discriminator, when added to
vour test facility. will provide easier,
more accurate mixed sine and ran-
dom testing. It will also facilitate
fundamental sine servo control.

In mixed sine/random testing this
unique MB instrument performs
four specific functions:

1. Permits control of sine spectrum
independent of random noise.

2. Improves accuracy of sine servo
control by eliminating resonant
distortion from the feedback path.

3. Serves as 10 cps bandwidth spec-
trum analyzer.

. Serves uas a distortion analyzer.

Regardless of the random spec-
trum, the N234 provides a funda-
mental sine signal which can be used
for programming constant accelera-
tion; constant displacement; con-
stant velocity; displacement-accel-
eration crossovers; or special shapes
or steps.

Here’s another important advan-
tage: Set-up time of mixed sine ran-
dom tests is reduced to 3 simple
steps: (a) set random drive level,
(b) set desired sine program and
(¢) energize sine sweep.

For complete information on how
the N234 Sine/Noise Discriminator
can improve your test capabilities
write to MB Electronics, 781 Whal-
ley Ave., New Haven 8, Connecticut,

electronics



HERE'S WHY FLUKE DC
DIFFERENTIAL VOLTMETERS
CHALLENGE COMPARISON

* ACCURACY
+0.01%
0-500V DC

* DURABILITY

* LOW COST
*895%:.

FLUKE MODEL 821A ' = " e atase v S B8

FEATURES:
PARTIAL SPECIFICATIONS: ® [nfinite resistance at null over entire 0-500V
ABSOLUTE ACCURACY: +0.01% of input voltage range @ Polarity switch @ Taut-band suspension
from 0.5 to 500V. =0.01% of input voltage plus meter ® Standard cell reference ® Recorder out-
10 microvolts below 0.5V. put e In line readout with automatic lighted deci-

[ J T
INPUT RESISTANCE: Infinite at null from O to 500V mal @ No zero controls

The complete FLUKE line of differential voltmeters offers

METER RESOLUTION: 5uv maximum; 1 MV full scale. a variety of test/measuring instruments to meet every
. . application at minimum cost. Ask for a demonstration or

CALIBRATION: 500V working reference supply cali- write for detailed information.

brated against built-in standard cell.
STANDARD CELL STABILITY: 0.003% per year. John Fluke Mjy. "

Company, Inc. FLUKE e

INPUT POWER: 115/230V AC +10%, 50-400 cps, Seattle 33, Wash.

60 watts. Box 7428 PR 6-1171 TWX—Halls Lake TLX—852

FCH 11l Ices and datls sulje C noi
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What won’t you think of next?

A battery-operated rotating ““whisk-er'’? To replace the ever present whisk
broom of the plate umpire? Hardly. It's part of the time-honored ritual of the
game—to relax while the ump meticulously whisks every corner. That makes
the elimination somewhat improbable.

Our point is this—your present design problem may seem just as improbable,
just as the drill, shaver, mixer and other cordless products did a few years ago.
But Gould-National research engineers developed a package of concentrated
power using NICAD® Hermetically Sealed Rechargeable cells that helped to
make these products a reality.

Have a design problem that could be solved with NICAD portable power? Write us,
we may be able to help you solve your problem.

G[IU”] NICAD BATTERY DIVISION B '
K

NATIONAL

GOULD-NATIONAL BATTERIES, INC./ St. Paul 1, Minnesota

22 CIRCLE 22 ON READER SERVICE CARD electronics



How far away is it?

Barr & Stroud Rangefinders measure range of

inaccessible objects . . . quickly, easily, accurately

HOW ACCURATELY ? Whether the object is a few feet
or several miles away, a Barr & Stroud Rangefinder is
available to read the distances with better than tape-
measure accuracy.

Tn the application shown, an 8-inch base rangefinder
checks the contour of a large radar dish ... gives }&-inch
accuracy at 20-foot range. A simple mount with azimuth
and clevation scales makes it casy to record and reproduce
range measurcments,

HOW EASILY? No training required. Just sight through
the eyepiece . . . turn the knob until two images coincide
« . . read the range directly in feet or yards.

HKOLLMORGEN

KOLLMORGEN CORPORATION

September 28, 1962

HOW QUICKLY? Most rangefinders arc completcly
portable, hand-held or tripod mounted, require no set up.
Actual measurements are made in scconds, No triangula-
tion, no computing.

WHO USES THEM? Barr & Stroud Rangefinders are
used in land surveys, civil engineering, construction of
large tanks, and a variety of marine applications. Special
types are available for short-range work, and to mcasure
diameter and height of standing trees.

Kollmorgen Corporation, largest producer of submarine
periscopes, now sells and services in the United States
rangefinders and other optical equipment® made by Barr
& Stroud Ltd. Write for the facts today.

*Expunsometers, special industrial periscopes, infra-red glasses
and components, interference filters.

NORTHAMPTON, MASSACHUSETTS
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DOWNTOWN HONG KONG teems with activity. The city is enjoying the
biggest boom in its 120-year history

RED CHINESE operate businesses
to acquire cash and information

Hong Kong’s Transistor Radio Exports

By DAVID ROSE
McGraw-Hill World News

VIEW FROM JAPAN

Shortly before this report was re-
ceived from Hong Kong, we asked
McGraw-Hill World News in Tokyo
for clarification of MITIs on-again,
off-again ban on transistor exports to
Hong Kong.

The answer we got was that MITI
had been attempting to keep the U. S.
from being flooded with cheap radios
from Hong Kong, but now feels sorry
it tried and 18 completely out of the
picture.

MITI reportedly got squeezed be-
tween the Crown Colony government,
which cold-shouldered MITI on export
control, and the Japanese parts and
components manufacturers, who were
worried about their own business and
put pressure on the Japanese govern-
ment.

The Japan Electronics Parts Indus-
try Association has established a
seven-man branch in Hong Kong and
at last report was megotiating con-
tracts with 22 Hong Kong firms

24

Colony’s expanding
companies now are
producing components

HONG KONG— The transistor
radio industry in Hong Kong has
grown by leaps and bounds despite
attempts to restrict production.

Three years ago this British
Crown Colony depended entirely on
transistor radio imports. Today,
some 16 factories are assembling
components imported from chiefly
Japan, the United Kingdom and the
United States. Smaller amounts of
components come from West Ger-
many and Italy.

Fhe new industry practically ex-
ploded overnight. For the first
three months of this year, for ex-
ample, the total value of exports
was more than 50 percent of the
total for the whole year of 1961.
Importers of Japanese transistor
radios abroad began to report de-
clining sales of the Japanese prod-
ucts and a rise in sales of the lower
priced Hong Kong-made radios.

Official figures from the Hong

Kong Commerce and Industry De-
partment show that in 1960 a total
of 4,094 units were exported, while
in 1961 a total of 263,423 units
were sold abroad. In the first three
months of this year, some 201,692
units were exported and in the next
three months, almost 300,000 more
sets were exported (see table).

JAPANESE EFFORTS — Faced
with these figures, the Japanese,
who can supply the cheapest tran-
sistor parts, began to feel the pinch
and on May 26 the International
Trade and Industry Ministry of
Japan (MITI) suspended the issue
of licenses to exporters of tran-
sistors and diodes for Hong Kong.

This measure disrupted the
Hong Kong industry to some extent
but there was no significant drop in
the number of sets produced be-
cause of the backlog of materials
on hand.

With the hue and cry from the
Hong Kong factories, MITI an-
nounced in July that it would re-
sume issuing export permits for
transistors and diodes to Hong
Kong—but with a strict quantita-

electronics
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COMPONENTS for a radio. Many
are made in Hong Kong

Soar to 100,000

tive control of $250,000 (U.S.)
worth a month, which would permit
the assembly of 50,000 sets a
month,

Radio manufacturers in Hong
Kong say that components from
other countries are about 15 per-
cent higher in price than the Japa-
nese items and if they are required
to use these in their radios, then
there will be a corresponding price
increase.

MAKING COMPONENTS—These
export restrictions on parts made
by the Japanese may in the future
work to their disadvantage, because
during the export freeze Hong
Kong manufacturers had time to
do some experimenting on their
own. They sought new sources for
components and are now consider-
ing the establishment of factories
in Hong Kong to manufacture their
own components.

At present, Hong Kong plants
can manufacture their own capaci-
tors, wind transformers and etch
printed-circuit boards of their own
design. Plastic cases and knobs
are also made. Great strides are

September 28, 1962

TRANSISTOR RADIO EXPORTS FROM HONG KONG

Value in U.S. Dollars*

Number of Radios

Country Jan.-June. Jan.-June,

1962 1961 1960 1962 1961 1960
United States. . . 1,811,568 415,104 —_ 322,902 73,868 ——
United Kingdom . . . .. 793,232 925,232 31.152 120,889 102,150 2,374
Panama............. 109,472 506.000 8.800 19,661 —
) VS T R LI 86,592 88,5298 —— 9,000 8,920
Canada. . ........... 82,896 44,704 176 13,908 7,112 2
West Germany. .. .. .. 52,256 12,196 —_— 6,508 1,121
Gambia. .. ... ... .. .. 46,464 50,688 e 3,000 5,000 ——
Gibraltar. . ........ .. 14,784 98,912 e 1,200 10,000 ——
Denmark.. . ... ... .. 11,264 3.168 — - 1,128 M7 —
Central Afriecan Fed. . 5,280 14,781 7,010 102 935 412
Thailand. .. ... ... .. 4,018 25.108 1,056 150 2,000 100
Switzerland. ... ... ... 2,464 2,288 e 300 300
Kenva. . ... ... ... 3,006 o _— 158 —
Argentina. . ... ... .. _— 3.108 —_— _ T2 ==
Macao.............. —_— 176 - — 10 —
Others. . ............ 86,9414 11.792 11,616 10,270 916 1,196
Total... ... . ... ... 3,103,261+ 2.235.901 51,010 501,057 263,423 4,094

* Based on exchange price of 11.8, £0.176 equals TTK$1

a Month

being made in manufacturing
loud speakers and miniature ear-
phones.

Although the industry is a young
one, it also is looking to the future.
Reports, which cannot be confirmed,
say that there is some experimen-
tal work now going on in computer
cables and allied fields. Hong
Kong’s labor force is largely un-
skilled but it has proven highly
trainable and versatile.

At present, local manufacturers
resitate to expand further because
of the possibility of Britain enter-
ing into the European Common
Market, which would deprive Hong
Kong of its Commonwealth tariff
preference. They feel that Hong
Kong’s products will not immedi-
ately reach the Japanese level in
quality-for-price and would have a
hard time in the beginning.

An attitude of “wait and see’” has
been adopted,

MARKETS—It is not difficult to
find markets for these goods. The
colony enjoys Commonwealth pref-
erence in the United Kingdom but
at least 50 percent of the finished

product must be of Commonwealth

origin.
Hong  Kong-made  transistor
radios are mainly six-transistor

sets and sell extremely well in the
U.S., presenting a problem to Japa-
nese manufacturers. The quality of
the products is almost as good as
the Japanese-made and they are be-
ing sold slightly cheaper.

The total value of exports to the
United States alone for the first
three months of this year came
close to HK$4.4 million (U.S.
$774,400) compared to HK$2.5 mil-
lion (U. S. $440,000) for 1961.

The latest information from the
Hong Kong Commerce and Industry
Department shows that from Jan-
uary to July of 1962 the total value
of exports of transistor radios is
1K$21.9 (U.8. $3.7 million) of
which HK$12.4 (U.S. $2.2 million)
was to the United States.

Trade officials say that no radios
are exported to the Communist
mainland because Chinese Reds are
producing their own home and table
radios. Transistor radios are rare
and considered a nonessential item,
s0 no importation is allowed.
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HOW 30 COLLEGES USE
THEIR COMPUTER FACILITIES

A sampling of 30 of the largest
universities and technical institutes
in the U. S. reveals that:

50% have central computer facili-
ties located on campus (others
have facilities in individual
departments)

80% give programming courses

63% give theory courses

87% give applications courses

97% have facilities used for re-
search by faculty and under-
graduates

70% allow wuse of facilities by
undergraduate students for
individual projects

5,% are planning to expand com-

puter courses, services and

facilities in the near future
have purchases and upkeep of
computer facilities financed in
part by state government
have facilities financed in part
by grants

34% have buwilt their own comput-
ers

47% wuse their computers to do re-
search for local industry

17%

63%
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HIGH SCHOOL STUDENTS listen as G. Thomas, Shering Corp., explains

during special course given last fall (left). In the photo at right, home study
explained to Pennsylvania State University student by instructor. Course is a

More Computing Talent on the Way

By PAUL CHERECWICH, JR.
Rensselaer Polytechnic Institute
Troy. N, Y.

Colleges are expanding
computer facilities,
courses and services

COMPUTERS and computer tech-
nology within the academic com-
munity are receiving more em-
phasis than ever before, and are
expected to continue making gains
in the future.

A survey of major technical in-
stitutes and universities, just com-
pleted by ELECTRONICS, indicates
that a majority of all such schools
in the U.S. now have computer fa-
cilities on campus, and are teaching
courses in computer programming,
theory, and application. The survey
also shows a large amount of

25

computer time being devoted to
research, including faculty, gradu-
ate and—significantly—undergrad-
uate projects. Some 50 percent of
the colleges polled have central com-
puter facilities, while the others
have facilities in individual depart-
ments.

MORE EMPHASIS—In 1955, less
than 25 large digital computers
were installed on U.S. campuses. In
just seven years this number has
been multiplied by more than five.
Even more colleges are planning to
expand their facilities in the near
future.

“Unquestionably, increased activ-
ity in all areas (of computer ac-
tivity) is anticipated on a
continuing basis,” said F. Ham-
burger, Jr., chairman of Johns
Hopkins University’s Department
of Electrical Engineering.

One fact revealed by the survey
is that slightly more than a third

of the colleges polled have built
their own computers, ranging from
table-top analogs to large digital
installations. Among the large self-
built digital computers are Osage,
University of Oklahoma; Illiac,
University of Illinois; Caldic (now
dismantled), University of Califor-
nia; and Mistic, Michigan State
University.

A growing number of schools are
offering formal courses in computer
programming, theory and applica-
tion. Many schools, such as North
Dakota State University, are plan-
ning to add even more courses to
meet student demand.

RESEARCH—Much of the availa-
ble time on academic computers is
devoted to research. Almost all of
the colleges polled indicated active
faculty and graduate student re-
search projects requiring computer
time. A number of schools—for ex-
ample, Purdue University and New-

electronics



operation of Burroughs 205 computer
course in computer programming is
joint effort by IBM and Penn State

From Colleges

ark College of Engineering—allow
undergraduate use of computer
time for individual projects.

EDUCATOR OPINIONS—Reason
for the rapid growth in academic
computer facilities is explained in
a remark by R. Ewell, vice chan-
cellor for research at the University
of Buffalo. He said a computer is
“as necessary to a modern univer-
sity as a microscope or test tubes.”

“Knowledge of computer opera-
tion is becoming a must for every
engineer and scientist,” said J. H.
Davis, president of Stevens Insti-
tute of Technology.”

A spokesman for a large com-
puter manufacturer said: “There is
a potential explosion in use of com-
puters at high school level for edu-
cation, as well as for administrative
data processing purposes. The in-
dustrial high schools will soon be
teaching programming and applica-
tions courses on the computer.”
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spurnic diaer 3 60 MC

1que
France

WESTON

esent & NEW SOl1d-state
20 MC counter

model A. 1149

maximum
counting rate

Y 0Me

(optional}

B Count capacity : 99, 999, 999.

M Bright in line readout : 8 digits

B Unit and point indication (displayed)

M High inputs sensitivity : 50 mV to
100 Vrms

M Temperature range : 0to50° C (- 10 to
+ 60° C on test)

W Crystal stability : a) = 1 partin10~7

(longterm) b) + 1part in10~8

~[tTecTlranrqgue Jo

Gate time : 0.1—1 and 10 seconds or
any other value with external preset
time base (optional)

Time interval measurements 0.1pLs to
> 100 days

Pulse duration measurements (pola-
rity + or - )

Period measurements

Ratio measurements

B Shock and vibration tested

Distributed in U.S.A. and Canada by :

WESTON- Newark (N.J.)

for complete information on our line of products and address of
our agency in your country please apply to
ROCHAR-ELECTRONIQUE, 51, rue Racine

MONTROUGE (Seine) FRANCE.
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INTERFERENCE LOCATOR

SPRAGUE

-
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MODEL 500

LOCATE
rf NOISE
SOURCES
QUICKLY

»

.
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This versatile instrument is a
highly sensitive interference lo-
cator—with the widest frequency
range of any standard available
unit! Model 500 tunes across the
entire standard and FM broad-
cast, shortwave, and VHF-TV
spectrums from 550 ke. to 220
mc. in 6 bands.

It's a compact, portable, rug-
ged, versatile instrument—engi-
neered and designed for most
efficient operation in practical
field use. It features a transistor-
ized power supply, meter indi-
cations proportional to carrier
strength as well as sensitivity of
5 microvolts minimum for 5%
meter deflection over entire tun-
ing range.

For full details, send for bro-
chure IL-106,

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

hH A A A A A A A A A A A 42 A

THE MARK OF RELIABILITY
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COLOR

CAMERA
CONTROL

COLOR
CONTROL

3-COLOR
CRT

COLOR WHEEL is needed for
camera only. Receiver uses con-
ventional color tube

COMPONENTS of color-tv system

New Color TV Combines Two Systems

TOKYO — Mitsubishi Electric re-
ports development of an industrial,
closed-circuit, color-tv system that
uses a single vidicon with a color
wheel in the camera and a three-
gun color tube in the television re-
ceiver.

In conventional single-vidicon
systems, both camera and receiver
require synchronized color wheels.
In conventional systems that use a
three-gun crt in the receiver, a
three-vidicon camera is required.
Mitsubishi has combined these ap-

proaches to make the overall sys-
tem simpler.

Operation is shown in the block
diagram. A color wheel with a red,
blue and green sequence passes in
front of the vidicon pickup tube.
The wheel and the gating circuit
for a conventional three-color crt
are locked by a synchronizing sig-
nal generator.

Interlaced scanning is used. A
bandwidth of 10 Mc is claimed.
Present price of the system is
$20,000.

Overlays Speed Computer Communications

INTERCHANGEABLE overlays on
control keyboards permit a new
computer communications system to
perform 126 different prepro-
grammed routines.

Produced for Air Force Systems
Command’s Electronic Systems Di-
vision by the RW Division of
Thompson Ramo Wooldridge, the
system includes two computer com-
munication consoles and a display
interface buffer.

English-language engraved plas-
tic overlays for each key on the
console keyboards allow variable
use of an associate preprogrammed
computer. According to the overlays
used, unique electrical connections
are made within the console cir-
cuits. Under this arrangement, the
TRW system communicates with
the computer at a rate of up to
100,000 words per second. Cueing

lights associated with each of 30
keys on each keyboard are pro-
grammed to guide an operator
through a logical sequence of oper-
ations.

Each console has a magnetic-core
memory with associated read-write
and selection circuits that accept
computer and operator data for
transmission to a crt display. Dig-
ital circuits in the buffer unit
format information for the display
and control elements.

A full display of 2,222 characters
calling out symbols or line seg-
ments is obtained on a crt at a re-
fresh rate of 45 or 30 cps. Call-out
is one-third more at 30 cps than
at 45 cps. A hand-held photoelectric
pointer indexes individual points
on the display so that a variety of
analytical programs can be devel-
oped by the console automatically.
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Really

“half size”
ok ... any way
a % .
\a'.‘- you look at it.

NOW IN
PRODUCTION QUANTITIES
It's only .400 inches high, .400 wide and .800 in
length. This smallest of the Leach relay family is
also the lightest — only .25 ounces. [J Most import-
ant is its performance. It gives full-size results in
low level to 2 amp. switching and is completely in-

terchangeable (including internal terminal connec-

tions) with standard crystal
can relays. A wide variety

of mountings and.terminals are available. J Which
reminds us, Leach has a complete line of standard
size subminiature crystal can relays, too. Yes, when
it comes to relays, any way you look at it, you should

Look T0 LEACH corrorarion

18435 SUSANA ROAD, COMPTON, CALIFORNIA



HOW WE

ORUNK

TEFLON

Why Gudebrod’s Common Sense
Approach to Lacing Problems
Pays Dividends for Customers!

Some years ago motor manufacturers had a problem! They required a high
temperature lacing tape that would not deteriorate during the baking
process of motor manufacture and would be practical in its application.

Teflon offered the most practical solution to the problem since it provides
a temperature range from —100°F to 500°F. We took teflon and flat braided
it—we originated the process—but what about shrinkage? When teflon is
baked it shrinks . . . it would cut thru fine motor wires!

To meet this problem, we developed an exclusive pre-shrunk process for
teflon. This patented process pre-shrinks teflon so that the maximum shrink-
age is less than 3% after 16 hours at 425°F. We call this lacing tape Pre-
Shrunk TEMP-LACE. Motor manufacturers use it in great quantities.

Pre-shrinking teflon is but one of the many processes we have developed to
meet the needs of customers. Whatever your lacing needs—nylon, glass,
dacront, fungus proofing, color coding—Gudebrod’s common sense ap-
proach to the problem will pay dividends for you because

Gudebrod lacing tape increases production!

Gudebrod lacing tape reduces labor costs!

Gudebrod lacing tape means minimal maintenance after installation!
Gudebrod is quality—our standards for lacing tape are more exacting than
those required for compliance with MIL-T'!

1.
2.
3.
4.

Write today for our Technical Products Data Book which explains the many
advantages of Gudebrod lacing tape for both civilian and military use,
Address your rcqucst and your lacing tape problems to Electronics Division.

*Du Pont registered trademark for its TFE-fluorocarbon fiber. $Du Pont trade name for its polyester fiber,

UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

i s
225 WEST 34th STREET, NEW YORK

1, NEW YORK
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MEETINGS AHEAD

VALUE ENGINEERING & ANALYSIS CON-
FERENCE, EIA; Statler-Hilton Hotel,
St. Louis, Mo., Oct. 1-2.

COMMUNICATIONS  NATIONAL  SYM-
POSIUM, IRE-PGCS; Hotel Utica and
Municipal Auditorium, Utica, N. Y.,
Oct. 1-3.

SPACE ELECTRONICS & TELEMETRY NA-
TIONAL SYMPOSIUM, IRE; Fontaine-
bleau Hotel, Miami Beach, Fla.,
Oct. 2-4.

ELECTRICAL ENGINEERS FALL GENERAL
MEETING, AIEE; Pick-Congress Hotel,
Chicago, Oct. 7-12.

NATIONAL ELECTRONICS CONFERENCE,
IRE, AIEE, et al; Exposition Hall,
Chicago, Ill., Oct. 8-10.

AUDIO ENGINEERING SOCIETY ANNUAL
FALL CONVENTION; New York, N. Y.,
Oct. 8-12,

MAGNETOHYDRODYNAMICS CONFERENCE,
Michigan State University; at the

University, East Lansing, Mich.,
Oct. 10-11.
AEROSPACE  ELECTRICAL ELECTRONIC

EQUIPMENT & SYSTEMS DISPLAY,
Aerospace Electrical Society; Pan
Pacific Auditorium, Los Angeles,
Oct. 10-12,

URSI-IRE FALL MEETING, URSI, IRE-PGAP,
et al; Ottawa, Canada, Oct. 15-17.

SPACE PHENOMENA & MEASUREMENTS
SYMPOSIUM, IRE; Statler-Hilton
Hotel, Detroit, Mich., Oct. 15-18.

INSTRUMENT-AUTOMATION CONFERENCE
AND EXHIBIT, Instrument Society of
America; Coliseum, New York City,
Oct. 15-19.

AEROSPACE & NAVIGATIONAL ELECTRON-
ICS EAST COAST CONF., IRE-PGANE;
Baltimore, Md., Oct. 22-24.

NORTHEAST RESEARCH AND ENGINEERING
MEETING, IRE; Somerset Hotel and
Commonwealth Armory, Boston,
Mass., Nov, 5-7,

IFEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronic
Engineers: Coliseum and Waldorf-
Astoria Hotel, New York, N. Y.,
March 25-28.

ADVANCE REPORT

PACIFIC COMPUTER CONFERENCE, AIEE;
California Institute of Technology, Puasu-
dena, Calif., Mar. 15-16, 1963. Oct. 31
is the deadline for submitting four copics
of a 500-word abstract to: Mr. 8. Nissim.
Program Chairman. Thompson Ramo
Woolridge, 8433 Fallbrook, Canoga Park,
Calif. Conference theme 1is fuster in-
formation processing with emphasis on
improvements in working devices and
techniques as well as significant new
concepts.

electronics
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Sigma Cyclonome®,

Here is a remarkable source of precisely-controllable driving
torque supplied in handy 18° increments, which has so many
unique advantages over conventional devices that it’s a shame
to call it just a “‘stepping motor.” This high torque Cyclonome
is now being used or evaluated for use in such things as punched
paper and magnetic tape drives, process control instrumentation,
digital to analog converters, business machines, automatic
control systems, counters, computer peripheral equipment and
a wide variety of rotary switching, positioning and indexing
devices. Here are the main reasons it will pay you to consider a
Cyclonome for your application.

The shaft starts and stops instantly on command from the input,
within £14° on each 18° step, delivering torque in exact pro-
portion to and at the same rate as the input. Speeds up to 450
steps /second are achieved with maximum torque. Random
pulses or noise of the same polarity cannot make the Cyclonome
take “extra” steps or run backward; remote positioning can he
done without feedback. Successive ampere-turn reversals in the
stator winding are required for the motor to step. Stepping
aceuracy is non-cumulative and superior to that of any other
motor we know of.

SIGMA I

Department

GMA

VisitoOoN

S|
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Drive circuitry for this unique “rotary actuator’ is far less
complicated and voracious than with other devices: with no
changes, the same motor can be operated on either 60-cycle AC,
DC drive with switches or relays, oscillators, transistor flip-flops
or other means, without complex sequential switching. And
because the high (7 inch-ounce) holding torque requires no
power (magnelic detent), power requirements are lowered further.

Inherently long life, high reliability and noiseless operation come
from the best source: very few parts and only one that moves.
There are no catches, solenoids, escapements, ratchets, slip rings
or brushes; principal parts are two large alnico magnets, a stator
winding, and a small solid toothed rotor turning in miniature
pre-loaded ball bearings. High shock and vibration immunity
results from the rugged sandwich-type construction.

Present versions of this new class of motor include the High
Torque Series deseribed here, Standard Uni- and Bi-directional
types and a Miniature, High Speed Series. Basic design, per-
formance and application data on all Cyclonome motors are
contained in a new and comprehensive Cyclonome Technical
Bulletin. Write for your copy now.

Unretouched photo of Cyclonome
starting and stopping 450 times per
second (20-18° sseps per revolusion
right up to maximum speed).

NSTRUMBEBNTS, IINGC.

62, Braintree 84, Massachusetts
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optical
sysfems
and
components

FOR VISIBLE,
ULTRAVIOLET
AND
INFRARED
RADIATION

ASTRON X OPTICS
Division can supply
custom designed
optical systems and
components to meet
the most rigid
specifications.

Components are
available in any
material including
all known optical
glasses, synthetics,
germanium, silicon,
and beryllium,

Systems and
components
assembly is
performed in strict
clean-room
environment.

for new brochure,
write

Astron }{ Optics
Division.

GEC
vidicon
Camera
fubes

GEC offers the
highest sensitivity
image pick-up
tubes having the
widest coverage
of the spectrum.

Available are a
variety of Ubicons,
Ebicons, Vidicons,
and special purpose
imaging tubes.

A wide choice of
other tube
parameters
including slow scan
characteristics,
magnetic focus and
deflection,
electrostatic focus
and deflection,
electrostatic focus
and magnetic
deflection and
return beam
multiplication is
available from GEC.

GEC

scan
CONVersion
systems

Transistorized with
printed circuit
modular
components, GEC
Scan Conversion’
Units incorporate the
most advanced
technological
developments
available for
controlled
conversion from
one scanning mode
to any other.

Conversion of PPl to
TV, TV standards
conversion, storage
and integration of
video information,
time-coordinate
transformation,
digital to analog,
TV conversion, and
conversion of slow
scan narrow band
systems to standard
TV or vice versa
are available.

Information on
GEC Monoscope
Video Signal
Generators,
monitoring
systems and slow
scan TV cameras
for use with GEC
Scan Converters
is available on
request.

For integrated systems employing either optics, sensors or processing
electronics, or any combination to meet your requirements, write or call

M GENERAL ELECTRODYNAMICS CORPORATION
® 4430 FOREST LANE e GARLAND, TEXAS ¢ BROADWAY 6-1161

32 CIRCLE 32 ON READER SERVICE CARD electronics




DIVISION

IRERE
~

\ sllilfa

- \”

Loggado;

iq 8375 TO $485 IN SMALL QUANTITIES*

*MIL spec. versions in small quan-
tities 30 to 40% higher in price.

TRANSISTORIZED

IF AMPLIFIERS s o=

How AIL’s design uses an advanced transistor to
meet your top performance needs at low low cost

The make-or-buy decision in IF am-
plifiers is made easy by AIL’s complete
new line of Type 134 transistorized and
hybrid strips. Good design has created
a line that meets AIL’s high stand-
ards of performance. (Yours, too, we
bet). And the design has kept the
price deliciously low.

How did we do it? Mostly by design
that uses one of the breakthrough high
performance transistors in the $2 range
instead of high performance transistors
that are still in the $15 range. No com-
promise on quality. Take advantage of
the extensive AIL reliability program
that has been brought to bear on this
product line. Standard units (which are
conformally coated) have passed MIL-
E-5400E, Curve IV vibration spec. plus
3000 cycles at 45 G's and temperature
range of —20° to +95°C. MIL versions
meet same vibration specs. and MIL-
E-5400 Class IV temperature (-54° to
+125°C Spec.)

COMPLETE SPECS: COMPLETE TESTS

You know what you buy. Specifications
are so complete (even to the most dis-

criminating engineer) we'll have to send
them to you. No room here. Specs in-
clude center frequency; IF and video
bandwidth; noise figure; gain control
range; video gain; input and output im-
pedances; dynamic range linearity; skirt
selectivity; and others.

These high performance new IF am-
plifiers give you these six solid-state bene-
fits: long life, resulting high reliability,
compact, lightweight, low power drain,
and low heat production.

12 STANDARD MODELS, PLUS SPECIAL
DESIGNS TO YOUR SCHEDULE

Complete line includes hybrid pre-
amplifiers and combination amplifiers (2
Nuvistors plus transistors). Postampli-
fiers are all solid-state.

Twelve standard models include both
wide and narrow band models at 30 and
60 mc center frequencies. Ingenious pack-
aging uses extruded metal enclosures that
provide RF tight operation and permit
stacking in multi-channel applications.

The building block design approach
used on the standard models makes
possible short delivery and low cost on
many designs for special applications.
Give us a try.

TUBE IF STRIPS, TOO! Complete line,
completely specified —$275 to $395.

For more information
circle publication number 790.

AIRBORNE
INSTRUMENTS
LABORATORY

DIVISION OF CUTLER-HAMMER. INC.
DEER PARK, LONG [SLAND, NEW YORK
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How fine can you get?

(with nickel alloy wire, % the thickness of a human hair)

The two thick bars in this magnified
photograph are actually human hairs!
They’re tied together with nickel
alloy wire 0.0009-inch in diameter.
Wire so fine that the men who malke
it work by touch rather than sight as
they draw it through their diamond
dies. Wire so fine that a pound of it
would stretch more than 80 miles.

HUNTINGTON ALLOYS ;i

34 CIRCLE 34 ON READER SERVICE CARD

That’s just one size. You can get
the unique properties of Huntington
high-nickel alloys in practically anv
wire size you need...and as thick as
the giant forgings used for the gate
stems of Boulder Dam, if that’s what
you want.

‘ou can get these remarkable prop-
erties in strip, tubing, and in the var-

ious other shapes and sizes neceded
for electronic applications.

More information? The important
facts you want about each of these
high-nickel alloys are summarized in
the free booklet, “Huntington Alloys
for Electronic Uses.” A copy is yours
for the asking.

HUNTINGTON ALLOY PRGDUCTS DIVISION

The International Nickel Company, Inc.
Huntington 17 West Virginia

electronics




AND 67 SIZES IN BETWEEN

to meet your printed circuit specs...exactly

Continental’s line of PC connectors include nearly seventy
sizes and types. Name your requirement—and the chances
are Continental has a standard production type that meets
it exactly.

These service-proven connectors are available with up to 210
contacts, for 1/32, 3/64, 3/32, 1/16 and 1/8" PC boards, in
both single- and double-row construction. Wiring styles
include eyelet lug, wire wrap lug, taper tab and contacts
for dip soldering. Continental’s patented Bellowform con-
tacts permit use of undersized or oversized boards while
maintairing low contact resistance.

New PC connector designs are constantly under develop-
ment. Our Engineering Department will be pleased to assist
you in solving special connector problems. Simply call or
write, stating your requirements.

DESIGNERS’' DATA FILE

If you're designing around printed circuits you'll want
to have Continental’s Con-Dex File PC, compiled to
help you select and specify the PC connectors best
suited to your needs. For your copy, please write to:
Continental Connector Corporation, 34-63 56th Street,
Woodside 77, New York, or call TW 9-4422 ,

MICRO-MINIATURE ¢ SUB-MINIATURE ¢ MINIATURE ¢ PRINTED CIRCUIT  RIGHT ANGLE PIN & SOCKET ¢ CENTER SCREWLOCK

September 28, 1962

ONTINENTAL
CONNECTORS

CONTINENTAL CONNECTOR CORPORATION

WOODSIDE 77, NEW YORK
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Silicon wafer is fabricated
with a matrix of 1100
transistors and 4000
resistors . . .

. which can be inter-
connected to produce
a large variety of
circuits as shown in
this greatly enlarged
section . . .

TEST
MENT GROUP

. . . such as these presently
available ECLO circuits that
feature 1) high fan-in and arounols

fan-ovt 2} high speed to T et il AND GATE MAJORITY GATE
power ratio 3) freedom
from current hogging

4) low component count.

+
{PIN 10}

|

0
£a

HALF SHIFT REGISTER

We will be pleased to send you complete data on how you can use M1 Matrix circuits in
your computer applications, plus data on the now-available ECLO functional components.
Please contact your General Electric Semiconductor District Sales Manager, or write Section
161140, Semiconductor Products Department, General Electric Company, Electronics Park,
Syracuse, New York.

35A electronics



FUNCTIONAL
COMPONENTS

FROM GENER

Planar Epitaxial Passivated M1 Matrix results in more flexible, reliable and effi-
cient logic circuits. A variety of emitter-coupled logic operators are available
now, with M1 Matrix circuits of your own design soon to follow.

The M1 Matrix is the practical answer to your use of miniature functional

components. This is how it works:

On a silicon wafer approximately one inch in diameter are diffused 1100 tran-
sistors and 4000 resistors. Interconnections then are formed between these
elements to produce over 100 different circuits. These circuits are cut and
separately mounted in TO-5 headers with up to ten leads. The simplicity of
the General Electric M1 Matrix results in these advantages:

September 28, 1962

e—
1 A tremendous variety of circuits 3 Areas of the wafer can be reserved
can be obtained from a wafer. Pres- as “test elements’ to determine per-
ently available are several emitter- formance characteristics and re-
coupled logic operators (ECLO’s) liability of all the circuits on the
for your immediate evaluation and wafer. All circuits will be numbered
use. ECLO circuits feature 2 mc so0 as to maintain historical record.
speed at an average of 10 mw of
power. per operator, ahout one-sixth The Planar Epitaxial Passivated
the power needed by direct-coupled diffusion process is used for its high
transistor logic. performance, high reliability char-
acteristics. Transistor specifications
Lead time to produce new circuits are similar to the high speed 2N914
or circuits to your own design will type. with exceptionally low satura-
be inherently short. tion resistance.
CIRCLE 220 ON READER SERVICE CARD 358



High 0—300 at 50 Mc

and 3 other reasons
Corning Mini-Trimmers
give you hetter circuits

No tuning breakage—unique direct traverse design moves
tuning core without rotation.

Complete linear tuning—DT motion and fine-thread screw
give smooth precision, capacitance change per turn of 0.4
10 0.6 pf.

Shock and heat resistant—the ruggedly simple units of glass,
fired-in metallizing, and special hardware can take tremen-
dous abuse. TC is =50 to =100 ppm/°C.

Guaranteed: no capacitance reversals—we guarantee this
within the range of the unit.

Lower contact resistance—all hardware is silver plated; this
boosts circuit Q, too.

36 CIRCLE 36 ON READER SERVICE CARD

You get all this and high Q, too, in panel mount, wire-
or tab-lead printed circuit, and our new hermetically sealed
Mini-Trimmers. Four sizes in cach type to give you pf
min.-max. ranges of [-4.5, 1-8.5, 1-12, and 1-18 at 1000
DC volts.

Dimensions: panel mount, 2%,” to %" behind panel,
1" front of panel; printed circuit, 27" to 123" overall.

You can get fast delivery on Corning Mini-Trimmers
from your ncarest Corning distributor. You can get more
information and data shects fast from us—Corning Glass
Works, 3901 Electronics Drive, Raleigh, N. C.
“Guaranteed—unusual footnote, eh? The glass we put into these

trimmers has a loss factor of only 0.50. Nobody else uses it. We make
it ourselves, control it all the way.

CORNING

Electronic Components

electronics
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% Canada hopes to achieve a favorable balance of trade

38

by overcoming her reliance on raw-materials exports
and increasing her exports of manufactured products

The Canadian government is supplying both cash and
1deas to promote industrial research and development

The electronics industry, just recovering from a
recession, seems to offer the best return for the
government’s pump-priming dollayr

CANADA, LONG RE-
NOWNED as a mining
country and source of ba-
sic minerals and metals,
now turns her attention
to the more exotic ele-
ments used by the elec-
tronics industry. Many
semiconductors are pro-
duced in Canada (Com-
inco)

CANADA (actuallly New-
foundland) was at the re-
ceiving end of the world’s
first transatlantic broad-
cost. Photograph of Mar-
coni with his early appa-
ratus is from Canadian
Marconi Company files

CANADIAN ELECTRONICS:
INCREASED EXPORTS
A DOMINANT THEME

World markets for Canada's traditiona
raw-material exports—timber, newsprin
minerals, agricultural produce — ar
roughly constant, hence increased expor
to reduce Canada’s trade imbalance mu
come from her manufacturing industries

Canada’s population is less than on
tenth of America’s yet it is stretche
4,000 miles between Canada’s Atlantic
and Pacific coasts, with most Canadian.
living within 100 miles of the U.S. border
In a country larger than the U.S., onl.
about one tenth the land area is devel
oped, Fig. 1.

An electronics manufacturer in Nev
York has a larger market in his imme
diate vicinity than his Toronto counter
part has in the whole of Canada. Althoug}
Canadian wages are somewhat lower tha
U.S. wages, Fig. 2, this competitive ad
vantage is offset by Canada’s high tran.
portation costs and lower productivit,
arising from smaller sales volume.

But, low productivity and long shippin
distances are not serious obstacles fo
sophisticated electronics exports, and i
this field Canada hopes to carve a nam
for herself just as the Swiss have don
in watchmaking. Electronics firms ir
Canada think that by far the best returt
for the Government's export and r&
pump-priming dollar will be achieved b_
investment in the Canadian electronic
industry

ELECTRONICS COVER . . .

Twelve coats of arms represent
the ten self-governing Canadian
Provinces, plus the Yukon and
Northwest Territories which are
administered directly from Of-
tawa

Frontispiece—Canadian. Premier
John Diefenbacker opens the
Canada-Alaska microwave link.
The $25 million system built for
Canadian National Telecommuni-
cations by RCA Victor stretches
1,300 miles from Grand Prairie
in Alberta to Mount Dave on the
Yukon-Alaska border

electronics



YUKON NORTH WEST
TERRITORY TERRITORY
BRITISH e
2055 SASKATCHE WAN
COLUMB!A oy SASKATC
] ALBERTA MANITOBA

ONTAR!O NOVA SCOTIA

NEW FOUNDLAND

\ QUEBEC

‘ PRINCE EDWARD
NEW BRUNSWICK - ISLAND

MOST CANADIANS live within 100 miles of the U.S. border, shown by gray band acress map. Only about one tenth of Canadian

territory is developed owing to the cold climate—Fig. 1

CANADIAN ELECTRONICS INDUSTRY can be
charged with hiding its light under a bushel. Many of
Canada’s neighbors familiar with her raw-materials ex-
ports are only vaguely aware that Canada has any elec-
tronics industry at all.

Yet a Montreal firm has built the communications
package for the Project Relay satellite which will rival
AT&T’s Telstar. Another Canadian firm sells doppler
radar to a dozen of the world’s airlines, the USAF as well.

September 28, 1962

A third was a major factor in parametric amplifier sales
in 1961.

In rocket studies of the upper atmosphere, Canada
launches the instrumentation payload from a surplus naval
gun. The electronics package withstands and acceleration
up to half a million g's. In research, Canada’s long experi-
ence of magnetic surveying is put to use in submarine
detection equipment. Ingenuity is not what Canada lacks.

The Canadian electronics industry is recovering from

39
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CANADA has world’s second highest standard of living de-
spite lower salaries than U.S. Lower engineering wages

in Canada usually means one car in the garage instead of
two—Fig. 2 (NRC)
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GROWTH of Canada’'s electronics industry is becoming evident
following a recent recession.—Fig. 3 (CEE)
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a depression that set in around 1956, as indicated by Fig.
3. In 1955 annual sales by the industry totaled nearly
half a billion dollars. During 1962, the figure is expected
to exceed $450 million after climbing back from a drop
to $430 million in 1960.

There arc two basic causes for this depression. A
change in Canada’s defense procurement policy caused
major project cancellations in 1956-58. And home sales
of consumer goods reached saturation following rapid
growth to a 1955 peak.

In 1958 the Canadian government switched to a new
defense procurement policy of buying military hardware
wherever needed equipment could be obtained most eco-
nomically. Cancellation of the large Arrow fighter-plane
contract as a consequence of this policy caused large-
scale disruption of many industries, the electronics in-
dustry included.

One of the most serious but indirect results of the
defense cancellations was the loss to Canada of much of
her r&d capability. Firms with no contracts to support
extensive r&d fired high-caliber cngineering teams that
they had so painstakingly built up. Many of the discarded
engineers emigrated to the U.S., or returned disillusioned
to the United Kingdom.

Only now is the electronic industry beginning to re-
cover from its 1958 setback, and its level of r&d increase
towards the NATO-recommended figure of 2.2 percent
of gross national product. However, industry cannot build
its hopes for expansion on the domestic market alone: it
must look to exports for future gains.

A broad picture of the Canadian electronics industry,
therefore, is of too many firms competing for the home
sales dollar, with not enough r&d going on as yet to
give them a competitive edge in the world-wide export
market. On both counts the Canadian government is
alert to the problems and has mustercd an armory of in-
centives for increased r&d and for promoting a vigorous
export campaign. It has also inaugurated a Canada-
United States defense sharing pact to offset a one-way
flow of defense spending.

SKILLS IN CANADA are as high as anywhere. This woman is a
chief electronics inspector (NFB)

electronics
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'I’ROPOSPI!ERIC scatter communication covers distances beyond the horizon by bouncing signals off ionized atmospheric layers.
Communications reliability is increased with two sets of transmitting-receiving antennas at this repeater station by Len-

kurt, located on the north tip of Vancouver Island

What the Canadian electronics industry is building

INDUSTRIAL MAKEUP—About forty percent of Cana-
dian electronics firms are subsidiaries of foreign organi-
zations. Since these firms are among Canada’s largest
employers, they account for some 80 percent of annual
sales.

There are numerous advantages to operating in Canada
as a division of an international organization. Among
these advantages are: access to funds for expansion, flow
of manufacturing and r&d knowhow, subcontracts from
other divisions, and frequently, an overseas marketing
network that can handle Canadian exports.

Disadvantages of being a subsidiary in Canada are
related to the degree of autonomy permitted. Most sub-
sidiaries were originally set up to supply the Canadian
market; however, the market picture is constantly chang-
ing, and the electronics industry must export to expand,
therefore, firms with independent Canadian r&d and

September 28, 1962

manufacturing programs can cope best with the new situa-
tion. Firms that rely on the head office for design and
manufacturing information generally face greater dif-
culty in securing an export foothold.

There are conspicuous examples in Canada where a
subsidiary company’s independent r&d and manufactur-
ing program has achieved millions of dollars in export
business.

CANADA’S STRONG POINTS—Canada’s vast geo-
graphical area and loosely spread population require
communications equipment offering long-distance service
between relatively small communities. Lenkurt in Canada
has such a specialty. There are several other firms, sub-
sidiaries like Lenkurt, that have poineered com-
munications equipment specifically for Canadian
use. Canadian Westinghouse Ltd. has developed

L))



SUSPENSION CORD ~
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BAR MAGNET

POLE PIECE

\ READQUT DISC
BLACK ONE SIDE
WHITE THE OTHER

N

MAGNETC
IRON
WIRE

SERIES WITH
NEXT
READOUT DISC

READOUT DEVICE uses an array of disks, black one side, white
the other, instead of incandescent lamps. Polarity of input
pulse decides whether disk shows its white or black surface.
Magnet across disk face provides memory function. Ferranti-
Packard

STORAGE DRUM

GUIDE ROLLERS

ENGINEERS have perfected this method of unwinding a steel
ribbon so that it forms itself into a rigid cantilevered antenna.
Lengths to 75 feet may be unreeled for satellite applications.
De Havilland

NOVEL USE of thermoelectric cooling elements is in this con-
stant temperature container for precision-oscillator crystals. The
unit is being developed by Needco Frigistors Ltd, of Montreal

WHEN WILL
CANADA’S ELECTRONICS INDUSTRY
MIGRATE WEST?
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ORE SORTER by Electronic Associates of Toronto scans chunks
of radioactive ore as they fall under gravity and rejects under-
sized pieces and those low in radioactivity. Nuggets are evalu-
ated and tracked by the machine’s computer, which triggers
an air jet to blast rejects onto the waste conveyor
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NUMERICAL machine-tool-control uses Sperry linear resolver to
achieve accuracies up to 0.0005 inch even when the table
travels three feet. Nine-inch resolver units are joined end-to-end
to multiply travel

Lenkurt's electronics plant in Vancouver with a total staff
of 450 is about the biggest electronics employer west of
the Canadian Rockies. Yet most Canadians in Vancouver
feel that their province is ripe for an electronics boom
such as California has experienced within the last couple
of decades.

Vancouver is nearer Los Angeles than it is to Canada’s
own electronics center of Toronto-Montreal. The Van-
couver climate is not unlike that of San Francisco.

electronics



CANADIAN antimortar radar.
Raytheon Canada is produc-
ing nearly a dozen of them
under government contract.
National Research Council
developed the equipment. The
government now hopes to

find extensive NATO and U.S.
markets

SOUTHERNMOST TIPS of Ontario are at the level of northern
California but the Canadian climate is not always as warm.
This CNT microwave tower in Newfoundland beams its signals
across the Cabot Strait to the mainland even in a storm

RADIATION DETECTOR differentiates between two types of
nuclear particles by distinguishing between their different
energy levels. It is being adjusted at the plant of Nuclear
Enterprises in Winnipeg

Many Canadians retire to British Columbia. Lenkurt's
John Mathers was born and raised there; it would take
a lot to drag him away. Mathers can go hunting (and
does) within 40 minutes from his home. He also lives
about 20 minutes from downtown Vancouver.

There is no lack of skilled engineering talent in British
Columbia. Many engineers move there and accept jobs
beneath their capabilities because they feel the climate
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tropospheric scatter equipment that provides over-the-
horizon communications from a mobile transmitter-
receiver setup.

Spilsbury and Tindall in Vancouver have experience
dating before World War II in manufacturing communi-
cations equipment for fishing boats, fur trappers, mining
communities and similar remote use.

In telephone communications too, the need for low
channel long distance traffic follows the same pattern.
Northern Electric Company, which is the manufacturing
subsidiary of the Bell Telephone Company of Canada, has
developed equipment specifically for Canadian use.

Another Canadian firm that has achieved considerable
success in the communications field is RCA-Victor. This
firm has pioneered in microwave communications, and
has completed a 1300 mile 600 voice-channel microwave
system through the Yukon to Alaska on behalf of Cana-
dian National Telecommunications. The system is now
used for traffic between the BMEWS base, in Clear,
Alaska and the SAC headquarters in Colorado Springs.
RCA-Victor has also contracted to supply $5 million of
microwave communications for linking Turkey, Iran
and Pakistan, and a $12-million contract with Canadian
National Telegraph-Canadian Pacific Telegraph, for a
3,000 mile trans-Canada system capable of carrying data
and television signals between major Canadian cities.

Besides communications equipment, Canada’s exten-
sive geography has led to the development of another
Canadian speciality: electronic navigation aids. Marconi
company in Montreal has sold doppler radar to a dozen
of the world’s airlines and also to the USAF. Aviation
Electric Ltd has developed navigation equipment for
military vehicles, including tanks. Computing Devices of
Canada Ltd has pioneered a sophisticated array of black
boxes that permit a pilot to switch-in up to 12 successive
destinations—the equipment then gives him continuous
information on how to get there. Sperry Company of
Canada Ltd make and service gyro equipment for Cana-
dian and NATO governments.

Further Canadian electronic specialities stem from
Canada’s raw-materials processing industries. Electronic
devices are used extensively in monitoring newsprint
production and quality, in checking moisture content of
grain, in calculating the volume of logs used for wood-
pulp, and in various aspects of locating and processing
radioactive and other Canadian ores.

Electronic Associates Ltd, of Toronto, is exporting a
system that makes a continuous quality-and-size check
on high volume ore flow and rejects undersized or low-
grade pieces. A Winnipeg firm: Nuclear Enterprises Ltd,
exports 80 percent of its radiation monitors to the U.S.
and has developed commercial monitors capable of simul-
taneously distinguishing and measuring three different

makes the sacrifice well worthwhile.

Professor George Walker, of the University of British
Columbia, told ELECTRONICS that he gets 40 or 50 replies
to an ad seeking laboratory technicians or machine-shop
men. At least half of them, according to Professor
Walker, are equipped to fill his single vacancy.

Thus, the foundation for electronics expansion in
British Columbia already exists
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types of radiation. A Canadian Government owned
organization: Atomic Energy of Canada Ltd develops
and sells a range of nucleonics devices many of which
are licensed to U.S. and other manufacturers.
Canadian firms also originate scientific breakthroughs:
RCA-Victor has achieved success with a research pro-
gram on gamma detectors using semiconductor junctions.
This firm has pioneered a silicon-junction-equivalent
of an ionization chamber that is small enough to fit into
a standard transistor can. An advantage of the new device
is that the actual detecting junction is exposed to within

RIVAL TRADE GROUP

Edward A. Speers, the president of Nuclear Enterprises
Lid, Winnipeg, has an extramural activity as president
of a trade organization which he founded—the Associa-
tion of Canadian Manufacturers. Membership is limited
to firms with Canadian ownership and control.

Speers insists thar his is not an anti-American organiza-
tion, even though it opposes the older Canadian Manu-
facturers Association, whose members include U.S. sub- ) e it .
sidiaries. Speers points to his firm's exports, 80 per- a few microns of t}‘le incident radiation. De Havilland
cent of which go to the U.S., as evidence of his enthusi- of Toronto ha§ devnse‘d a novel.retractable tub}llar an-
asm for good Canada-U.S. relations. tenna for satellites, while Ferranti-Packard has pioneered

According to Speers, the Canadian Manufacturers an ingenious readout device.

Association does not “promote the growth of home in-
dustry” for which purpose it was inaugurated in 1879.
Instead, Speers insists, it represents the interests of foreign
sidiaries in Canada. Opponents of the ACM, and
they include some all-Canadian firms, suggest that Cana-
dian controlled companies should put their views to gov-
ernment through the regular CMA by ordinary demo-
cratic voting processes.

This is not possible, Speers contends, since Canadian
firms are outnumbered and outvoted when trying to make
such attempts

CONVENTIONAL ELECTRONICS—Besides the spe-
cialized electronic equipment that springs naturally from
Canada’s geographic and industrial environment, Cana-
dian firms produce a wide variety of instruments and
systems common to all advanced nations. For example,
Ferranti-Packard of Toronto has supplied check-process-
ing equipment to a number of commercial banks, in-
cluding some in the U.S., and has also supplied a
centralized computer reservations system to a Canadian
airline. Equipment for numerical control of machine tools
is manufactured in Canada by Sperry Canada Ltd; North-
ern Electric Company manufactures high-quality para-

SOLDERING IRON REMOVES BLOBS. Vacuu
fitting sucks surplus solder away from i
tricate printed-circuit wiring to avoid sho
circuits. General Electric Company o
Canada, Ltd, Toronto

ELECTROMAGNETIC ROPE TESTER. Tes
steel cables nondestructively. Magneti
inspection unit fits around elevator cable
and checks for flaws in individual steel
strands. Reveals dangerous flaws tha
would otherwise be undetectable. McPha
Engineering Ltd, Don Mills, Teronto

Canadian firms
do not lack ingenuity,

as these representative

. RETRACTABLE ANTENNA UNIT. Antennas

items show of this type are used in the U.S. Gemini
program, and in Canada’s own Topside
Sounder satellite. The mechanism unreels
a steel tape into a rigid tubular antenna
up to 75 feet long. DeHavilland Aircraft
of Canada, Ltd, Malton




metric amplifiers for export, and makes its own varactors
and various close-tolerance transistors and diodes.

By selling million-dollar flight simulators to NATO
governments, Canadian Aviation Electronics saves the
customers considerably greater investment in actual F-104
fighters and in upkeep costs that additional trainer air-
craft would entail.

In the broadcast equipment field, Canadian General
Electric Company is one of several Canadian firms,
including Northern Electric and RCA-Victor, who sell
radio and tv transmitting equipment to domestic and
foreign broadcasters. Canadian GE is also one of the
Canadian manufacturers of closed-circuit tv for industrial
applications.

CONSUMER ELECTRONICS—About 95 percent of tv
receivers sold in Canada are manufactured by Canadian
firms. Most of the imports are from the U.S. Canadian
tv manufacturers describe the tv business in Canada as
highly competitive. Aggravating the consumer business
is the fractioning of the consumer manufacturing indus-
try, with many firms producing at a quarter of the
volume regarded as being economical in the U.S. Ac-
cording to the 1957 Royal Commission on Canada’s
Economic Prospects, foreign parents are more tolerant
of losses in their Canadian subsidiary than would be
permitted in the home plant. Consequently, many Cana-
dian plants still produce for a largely-saturated market.

In 1955 some 2! Canadian tv manufacturers pro-
duced an average of 41,000 units each, while 45 to
50 producers in the U.S. produced an average of 164,000
units. There has been a decline in the radio receivers
manufactured in Canada too. Although the total sales
of radio receivers has doubled since 1955, this increase
has been made up by imports, some 50 percent of them
from Japan. There is much activity on the part of
Canadian trade organizations to pin the blame on Jap-
anese imports for taking over some 35 percent of the
receiver sales; however, it is a moot point whether
the sales upsurge would have arisen (see p 52) without
low-cost imports. Certainly, tv sales have fallen since
1955 and to date there have been virtually no Japanese
tv receivers entering Canada.

Canadian manufacturers specializing in consumer prod-
ucts have met greatest success when they have broken
fresh ground and developed more specialized equipment
for a particular market. Dominion Electrohome indus-
tries actually exports most of its hi-fi equipment to the
U.S. Another Canadian firm, Clairtone Ltd, founded
by a furniture designer and an electronic engineer, are
exporting a wide range of audio and tv equipment,
much of it to the U.S. Since both these firms are Cana-
dian owned, they are able to compete in foreign markets
where other Canadian subsidiary firms would be com-
peting with a sister division of their own company. This
is often not permitted.

NUCLEAR PARTICLE DETECTOR. Semicon-

- ductor detectors provide a solid-state

version of the traditional ionization cham-

ber. New units range upwards from stand-

- ard ftransistor size, are rugged and ex-

- tremely  sensitive.  RCA-Victor  Ltd,
Montreal

LATCHING ALPHANUMERIC READOUT. In-
dividually suspended disks, black on one
side, white on the other, are pulsed in

TAPE RECORDER REPRODUCER. Operates as
conventional recorder but examines wave-
forms of special interest with tape sta-
tionary. Rotary heads read information
selected from a section of the stationary
tape and present a continuous display on
an oscilloscope. Can be used in seismo-
logical work to distinguish between wave
patterns of nuclear explosions and earth-
quakes. Presentey Engineering Ltd, Ottawa

STEPPING TRANSMITTER AND RECEIVER.
Uses microswitches to make a low-inertia,
low-force, position transmitter. The sys-
tem yields overall torque gain. Designed
for a range of lightweight discrete-posi-
tioning functions. Muirhead Instruments
Inc., Stratford

ELECTROSTATIC TRANSDUCER. Reproduces
high-frequency audio signals from 24 by
6-inch panels only ¥ inch thick. Claimed

or out of view by the interaction of a mag-
netic field due to input current and the field
from the bar magnet fixed across each
disk’s diameter. Readout needs no trans-
lating matrix of diodes: single wire
threads all disks needed for a given
symbol. Readout remains latched until
reset by a succeeding input pulse of
around 30 millisecond duration. Ferranti-
Packard Ltd, Toronto

free from vibration and operable without
impedance matching transformers. Sigma
Technical Associates Ltd, Longueuil, Quebec




NEW RESEARCH LABORATORY of Northern Electric just outside

RESEARCH AND DEVELOPMENT GAP—Canadian
r&d is noticably lagging behind the level necessary for
Canada’s technological capability to keep up with the rest
of the Western World. A NATO report recommends
that each NATO nation spend 2.2 percent of its gross
national product on r&d. Canada spends less than a
third of this. (Fig 1, p 48)

To encourage r&d, the Canadian government is offer-
ing industry a variety of incentives. They range from
advice on problem solving, to tax incentives and direct
subsidies. Under one scheme recently introduced, a Cana-
dian r&d lab can carry out research for 22 cents on the
dollar, and perhaps even for 12 cents.

GOVERNMENT ASSISTANCE WITH R&D—Three
departments of the Canadian government are able to
provide r&d funds for a range of industrial and military
research projects.

(1) The Department of Defence Production—(DDP)
provides for defense hardware development. A fund
up to about $10 million is available annually for devel-
opment of defense equipment. A lower-budget program
provides upwards of half a million dollars annually to
help firms get under way with components production.

Ottawa will employ about 400 scientists and engineers

(2) The Defence Research Board undertakes research
and development work on behalf of the Department of
Defence Production. Two sources of r&d funds are
available from DRB.

First, the Electronic Component Research and De-
velopment Grant (ECRDC) provides funds for basic
development in electronic components. To date about
$2 million has been provided by this program. A high-
temperature tantalum-dielectric capacitor is one result
of the ECRDC program. The unit is being marketed
commercially in Canada and licensed to US manu-
facturers.

The second industry-support program from the De-
fence Research Board through its Department of Indus-
trial Research has an initial budget of $1.5 million
which is allocated to a variety of industrial projects for
fundamental r&d. However, there are provisions for
bringing a piece of equipment to the prototype stage
under a DIR plan,

(3) The National Research Council, a nonmilitary re-
search arm of the Canadian government, has a financial
support program with a budget of $1 million. Unlike
the DRB’s cost-sharing basis, the National Research
Council offers to pay salaries for approved long term
r&d programs. By doing so, it encourages the firm

electronics




SUCCESS THROUGH CANADIAN R&D

John Houlding, President of RCA Victor Ltd, Montreal,
offers his formula for Canadian electronics expansion.

“During the last few years, RCA Victor Company Liud.
has progressed from a company largely dependent on
our parent company, to an organization with important
ideas, experience and capabilities of its own. We are
not only extremely fortunate to be part of the Radio
Corporation of America, but we are also proud that we
are making our own contribution as a full-fledged member
of the RCA family. We are standing up to international
competition in specific areas and we are also called on
to provide technical information and finished products
from our factories and laboratories to our parent com-
pany in those areas, such as microwave communications,
where we have proven capability. It is no longer neces-
sary for our best people to leave Canada for more chal-
lenging work in the United States or elsewhere.

At RCA Victor, an organized program of research
and development undertaken by Canadian scientists and
engineers will maintain the position of the company as
a leader in both electronic products for industry and en-
tertainment for the home.

As RCA Victor is an integral part of the Canadian
economic scene we are fully aware of the need for in-
creased exports. By stressing research and development,
we are placing ourselves in a more strategic position to
develop products with export potential. This investment
in the scientific brainpower of the nation is expected to
bring about a steady increase in the sale of electronic
apparatus at home and abroad.

As a Canadian subsidiary of an American company, we
have demonstrated that through increasing technical self-
sufficiency and a strong r&d program, that not only does
Canada benefit, but it is also good business for the parent
company as well”

to be more lavish in securing the best available re-
searchers for the job.

TAX CONCESSIONS—Besides offering industry direct
subsidies to encourage r&d, there are tax concessions that
enable firms to do r&d for about 20 cents on the dollar.
The plan allows Canadian firms to deduct r&d expenses
at the rate of 150 percent on new projects started in the
tax year. It is not clear yet whether a firm already receiv-
ing a government r&d subsidy will simultaneously be
eligible to deduct its 150 percent on r&d expenditures;
however, if this move were approved, a Canadian com-
pany would be able to undertake r&d for just over 12
cents on the dollar.

These programs are inducements to foreign firms to set
up r&d facilities in Canada, and to encourage more r&d
by Canadian subsidiaries.

THE ASSISTANCE GAP—Canada has an urgent need
for products that can be produced with the minimum of
long-term fundamental investigation. Yet the nonmilitary
field is an area which government aid misses. Even tax
concessions are not available to a firm with a bright idea
but without funds to turn it into hardware. Some Cana-
dians suggest that the government provide a loan pool
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from which money can be made available at low, or zero
interest for industrial development projects of the non-
military kind.

SUBSIDIARY VIEWPOINTS—There are many con-
trasts in the attitudes of various Canadian subsidiaries
to research and development. Often the annual profits
are as low as 2 percent, or even lower. Some firms view
this low profit level as an obvious indication that they
can’t afford to invest in r&d. Other firms take the simi-
larly-low profit picture as a forcible indication that they
need more r&d to survive, and should go into debt if
necessary to do so. The preponderance of the latter
attitude will determine the future of Canadian electronics.

At present, the government is encouraging Canadian
subsidiary firms to take over a particular branch of tech-
nology, and act as the company division responsible for
r&d in that chosen field. Thus, the Canadian branch of
an international organization might concentrate on spe-
cialized and complex instruments where demand for such
instruments overcomes all tariff barriers imposed by im-
porting countries. As yet, few Canadian companies make
sophisticated instruments although a few Canadian spe-
cialties have already emerged.

R&D PROGRAMS—Approaching the ideal of independ-
ent Canadian operation, RCA Victor in Montreal has a
considerable degree of autonomy in its operations. In
RCA Victor’s Montreal laboratories is concentrated
RCA'’s plasma physics research group, working on ion-
propulsion projects for space vehicles.

Communications is another RCA-Victor specialty.
Independent r&d in this firm’s Montreal Laboratories has
yielded an international reputation in the communica-
tions field; specifically: RCA-Victor is building the Proj-
ect Relay Satellite’s communications unit for NASA.

a8

Most of the larger Canadian firms are undertaking
some development work, even if only to make their
products conform more nearly to Canadian needs. How-
ever, firms undertaking original development stand the
best chances of future profit. Canadian Westinghouse
is doing fundamental work with electroluminescent light
sources to produce a low-voltage lamp capable of opera-
tion directly from transistors. Further fields of Westing-
house endeavor are microwaves and in investigation of
anechoic test chambers for radar equipment.

A new and comprehensively equipped industrial labo-
ratory was opened in 1962 in Ottawa, where Northern
Electric Company does basic studies. Much of the r&d
at the new Northern Electric Laboratory is concerned
with making equipment for the communications industry.
For example, NE makes transistors, diodes and varactors
to the precise tolerances.

GOVERNMENT R&D—The Canadian government does
more r&d than industry. Industry spokesmen contend
that the government laboratories should be reduced, with
the staffs either going into the universities, or being ab-
sorbed by industry. On the other hand, government
spokesmen combat this view by pointing out that industry
has been backward in providing facilities where advanced
long-term r&d is possible.

One of the Canadian government’s most sophisticated
programs is the Topside Sounder satellite that is being
built under engineering supervision of the Defence Re-
search Board. Industry is providing much of the hard-
ware, but engineering supervision comes from DRB engi-
neers and scientists. The Topside Sounder satellite is
scheduled for launching by a NASA rocket this fall.

Among the many programs sponsored and being car-
ried out at the government labs are basic radar research,
investigating Canada’s upper atmosphere and the effects

electronics



ORGANIZING A RESEARCH SYMPOSIUM

Canadian Westinghouse Company flexed its r&d muscles
in public June 28 by inviting members of government de-
partments, the Universities, and other Canadian firms, to a
research symposium at its Hamilton Electronics plant. The
company also made sure that American representatives
were present 100, so that they could see the firm’s r&d
potentialities for themselves.

Michael McKerrow, Manager of Contracts explained
that usually a company is able to present its r&d activity
to the public only when some new piece of hardware is
unveiled. Since the fundamental r&d being undertaken
by Westinghouse may not yield saleable hardware for sev-
eral years, the symposium fills the resulting gap.

Besides presenting several technical papers on their
r&d projects, the firm revealed that the r&d program on
electroluminescence would continue at doubled strength
owing to government participation. Westinghouse is one
of the first Canadian companies to receive government
r&d aid on a cost-sharing basis under the Department of
Industrial Research plan.

RESEARCH SYMPOSIUM sponsored by Westinghouse at Hamilton, includes discussion of electroforming process for K-band waveguides

of the aurora, medical electronics, circuits, components,
materials, and fundamental investigation into lasers and
low-temperature physics.

UNIVERSITY RESEARCH—Since Canada has urgent
need for an expanded r&d program, and since additional
funds to effect this expansion are not always available,
it has been suggested that university research projects
could be integrated with industry needs. For example,
private companies might submit to a central clearing
house a list of topics that they would like investigated.
Such lists could then be circulated among students about
to embark on graduate-degrec projects and among uni-

versity teaching staffs.
More direct collaboration between the universities and WHAT WILL THESE STUDENTS DO WHEN THEY GRADUATE? Wili

either industry or government would probably be op- they devote their eﬁor'ts to inc.reosing Canada’s technology or
posed by most Canadian universities, who express varying flmgf;g:g (ﬁ,nildésf:itszglrS‘g:Ir; i;h':w%':‘e) export that EGTHL can
degrees of horror at America’s method of undertaking
classified military research in university laboratories.

A problem facing the newly graduated engineer is
where to work. If he is research minded, the opportunities

in Canada for him to pursue his interests are limited in

ENGINEER EXAMINES
Honeywell microcircuit

comparison with facilities in the U.S. He is often strongly deposition mask
tempted to emigrate. Many Canadians do so. If he produced by
marries and settles down before returning to Canada, photographic techniques

the chances of getting him back, even with a salary and
status boost, are small.

Yet Canada needs researchers and can ill afford to
export her most valuable asset. On the other hand being
a democracy, Canada can't detain them. Professor G. L.
D’ombrain, of Ivy League McGill University summed up
the situation for ELECTRONICs: “The higher the caliber of
training a university provides, the more likely is Canada
to lose the students it turns out.” A situation that will take
years and careful fostering of a Canadian r&d environ-
ment to correct.




GIVEN production runs of the same volume, Canada’s assembly shops can equal the quality of anyone and better the costs of many (TMC Lt

Home sales, exports and imports

EXPANDING EXPORTS—In a speech to the Cana-
dian Military Electronics Symposium in Ottawa this year,
W. S. Kendall, Marketing Director of Computing Devices
of Canada, said that the Canadian electronic industry
could only expand through increased exports, that home
sales alone would not give the increased volume of elec-
tronics business necessary for expansion.

On a broader front, the Canadian economy has a trade
imbalance which the government proposes to offset by
exporting. Government offers several incentives to would-
be exporters.

Thus, with pressure for expansion generated within
the industry, plus government encouragement towards
export expansion, overseas electronics sales will help shift
the emphasis of Canadian exports from raw materials to
manufactured goods. Currently electronics exports are
about $30 million annually.

One president of a Canadian electronics firm told
ELECTRONICS that he thought Canada could develop a
name for herself in high quality electronics exports
just as Switzerland has done with precision watches.
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This would come through development of sophisticated
equipment where competition and small volume is less
severe, he said.

Among the difficulties that Canadian electronics firms
have to face is their lack of exporting experience. Light-
industry exports have formed only a small proportion of
Canada’s total output, because many Canadian manufac-
turing firms were not founded to undertake export trade.
There is a tendency in Canada electronics to assume that
exporting cannot be done in the face of foreign tariffs,
shipping costs and competition. Few Canadian firms
have their own sales offices abroad, although an export
channel often exists through their parent company’s over-
seas subsidiaries. However, such overseas sales outlets
generally lack salesmen with a specific interest in pushing
Canadian products.

A corollary to the present relatively low volume of
light-industry exports is the small scale of overseas

publicity that has been undertaken by the Canadian

manufacturing firms. For example, India is far more
likely to be aware of Canadian wheat than it is of the

electronics



EXPORTS stem directly from investment in r&d. Northern Electric Company sold $1 million worth of parametric amplifiers in 1961,

most of them exported and sold in competition with U.S. manufacturers

CANADA’S JAPANESE WHIPPING BOY

Total sales of radios have doubled in the last four years,
sales of Canadian-built sets have declined from the 1957
figure by about 15 percent. While sales of Canadian
radios have declined by 15 percent, imports have in-
creased by some 700 percent over the 1957 figure.

Although the Canadian Electronic Industries Associa-
tion claims that imports, largely from Japan, have de-
prived the Canadian manufacturers of increased sales, it
is not certain that the Canadian industry could itself have
built the sets at low enough cost to induce this sort of
sales expansion.

Sales of television sets have declined much as radio
sales have since 1957 but there have been virtually no
Japanese tv imports during this period.

skills offered by Canadian manufacturers. Morcover, the
Canadian electronics industry is sufficiently compact for
a purchasing agent or Government official to know what
most firms are doing. Consequently, advertising and
public relation rcceive relatively less attention: certainly
so on an international scale.

EXPORT ASSISTANCE—There are four main tech-
niques used by the Canadian Government to encourage
her industries to get into the cxport business. Besides
the four main methods, a tax concession to firms show-
ing increased sales offers a less direct but none the less
useful inducement to export. To increase sales a firm will
often be obliged to export.

Here are some of the promotional measures offered
by the Department of Trade and Commerce (DOT&C) to
encourage exports:

(1) Foreign trade fairs. The DOT&C buys space in for-
eign trade fairs, erects sales booths, then hands them
over for a token fee to Canadian firms wishing to
exhibit. Besides paying most of the booth and space

September 28, 1962

\

BOOTH at the Chicago Design Engineering Show cost Westing-
house $100 under a government subsidy plan to encourage
exports. Government also pays cost of shipping exhibits ta
and from trade fair

MOST OF Needco Frigistors Ltd cooling elements shown here in
the inspection stage are exported to the U.S. Currently the firm
is improving production efficiency by sintering the semicon-
ductor cooling elements instead of machining them from solid
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GROWTH OF RADIO RECEIVER SALES
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SALES of Canadian-built radio receivers decline steadily, imports
keep total sales rising

SOURCES OF RADIO IMPORTS

1961 1960

Country of Origin ::l:t ll:e‘;t
Units age Units age

U.S.A. 106,300 6.2 78,540 5.5
U.K. 28,450 16 13,856 0.97
W. Germany 53,914 31 56,946 39
Netherlands 25,458 1.5 31,122 2.1
Japan 839696 495 531,022 371
Total Imported 1080805 — 731,511 @ —
Percent of Total Sales 63.8 51.2

JAPAN scoops almost half the import market, gets blamed for
loss of assembly jobs in Canada

cost, the DOT&C will also pay for shipping the ex-

hibitor’s equipment to the fair,

(2) Trade missions. Groups of Canadian businessmen
are shepherded by DOT&C officials on tours of pro-
spective buying countries, with the travel costs borne

by DOT&C.

(3) Businessmen’s instructions. Selling-symposia are con-
ducted in Canada and in Canadian Consulates abroad
on how to tackle the export problems of each industry.
Pamphlets and booklets are available from DOT&C

officials.

(4) Financial backing. Once a company has landed its
export orders the DOT&C will provide long term loans

at low interest to finance the deal.

INVESTMENT IN CANADA-—There has been some
international concern that the Canadian government re-
gards the present level of foreign investment in Canada
as too high, Much foreign capital has recently been with-
drawn for example, as a result of this concern. Yet the
Canadian Government will actually fly groups of inter-
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ested businessmen to Canadian industrial areas to show
them the potentialities for investment there.

IMPORTS—During the first half of 1961, total imports
of electronics equipment rose over the total for the same
period in 1960. Electronics imports from the U.S. rose
during this same period from approximately $62%2 mil-
lion to just over $68 million.

The table gives the detailed breakdown through 1960
and 1961 of Canadian radio imports. Although radio
import totals have risen since 1960, by far the greatest
proportion of this increase has gone to competition from
Japan. In fact, Japanese imports account for nearly 35
percent of total radio receiver sales for 1961.

During 1961 Japanese exporters agreed to limit future
shipments of radios to Canada to about 400,000, in
response to pressure from Canadian trade associations.
Similarly, imports of vacuum tubes from Japan were set
at about 2V% million.

From the list of over four dozen categories of elec:
tronics imports from the U.S., no single item has shown
an increase sufficient to cause anxiety within the Cana-
dian industry, or movements towards restriction.

DISTRIBUTION—Since Canada is 4,000 miles wide,
and since the total Canadian electronics market is roughly
equal to the electronic sales in Michigan, say, a satisfac-
tory solution of Canada's distributing problems is not
easy. Most Canadian industrial distributors handle equip-
ment from foreign manufacturers, notably those in the
United States—they often have to stock many lines to
operate profitably.

If a Canadian distributor is appointed to cover the
whole of Canada his delivery costs are high. On the
other hand, if several distributors divide the Canadian
market between them, then their individual shares are
somewhat limited.

Frequently the Canadian distributor is located further
away from his customer than the American manufacturer
is. A Toronto distributor working for a Californian
electronics manufacturer hardly offers valuable service
to a customer in Vancouver, which is nearer California
than Toronto is. Even if the Canadian distributor car-
ried substantial stocks, he might take longer to deliver
them than would the U.S. manufacturer.

This communications problem is even further com-
plicated when technical failure occurs. Does the customer
ship the unit back to Toronto for the distributor to return
it to California? It costs money to do so and the customer
will object. On the other hand, the distributor is not
too enthusiastic about his customer dealing directly with
the plant. It is obviously difficult to please everyone. This
is probably why there are few Canadian distributors with
annual sales exceeding half a million dollars.

But the distributors are not all complaining. Bill
Thompson, Sales Manager of Vancouver’s distributing
firm, L. A. Varah Limited, explains that his company’s
profits have increased during every year of its decade
of existence. And this with the West Coast electronics
boom hardly begun. In Montreal, Electrodesign Presi-
dent, Harry H. Schwartz, is very forthright about
Canada’s need for increased industrial autonomy. In
looking for more wholly-Canadian products to sell, both
in Canada and overseas, Schwartz sees broader industrial
independence as a way to achieve this goal.

electronics



GET A-HEAD

think
small...

At Edo our engineers devote a big part
of their thinking to shrinking—reducing
the size (and cost) of components to the
least common denominator consistent
with high performance standards. From
this staff have come such components as:

The Kernel ATE Adjustoroid®—This
variable toroid contains an actual com-
plete toroid with all the excellent charac-
teristics of the non-adjustable type. Valu-
able in oscillators, discriminators, variable
tuned circuits, etc.

_MHP_and MHP MICROID ® Filters—
Microminature counterparts of the popu-
lar Edo TCL and TCH low pass and high
pass filters, they range from 5 kc to 100
kc with a standard impedance of 10k
ohms. Cascading the MLP. with the
MHP_ produces excellent response band

pass characteristics.

“Cheerio” Toroids—Subminiature high
Qcoils ina range of frequencies that make
them ideal for transistorized equipment.

Crystal Filters—Advanced engineering
techniques enable Edo to offer at nominal
cost, high selectivity, high attenuation
crystal filters covering the extraordinary
range of 1 ke to 30 mcs with considerable
latitude in impedance.

Pulse networks, interference filters, ac-
tive networks and magnetic amplifiers are
among the newer additions to our prod-
uct line.

Werite for latest catalog.
Edo has a number of positions avail-

able for engineers capable of thinking big
and shrinking small. Inquiries are invited,

MANUFACTURED IN CANADA BY
.
EDO (Canada) l.imlfed P.O. Box 97 Cornwall, Ontario, Canada  Phone Wellington 2-6774

SALES REPRESENTATIVE—A. DESKIN SALES CORP.

September 28, 1962

FREQUENCY
20 30 50 100

0
__%_I_T__._ =
1

L[]

200

KERNEL

ATTENUATION D8

FREQUENCY
LIGF . \AF 3 5 0
H 1 11 ]
HLTER—JC MHE HIGH PASS RLTER—
10 L W
0 28 W
15/ A ¥ 1 |
H k ¥ |
+ \ : -
r
N
|| ]
1 11
| [ 1

1091 Shorecrest, Montreal, P.Q.

Manufoctured under license from Burnell & Co. Inc., Pelham Manor, New York

CIRCLE 53 ON READER SERVICE CARD

COPYRIGHT BURNELL & CO  INC 1960

Phone MU 1.0201

53



BRINGS
YOU
THIS

Gz
i
r' H

The Delco Radio 2N1358A
represents the ultimate in a ger-
manium power transistor at in-
dustrial and commercial prices.
Produced on the same line as
the Minuteman 251-M transistor,
this unit is ideal wherever high
reliability is required.

Sales Offices

[DELCO
RADIO

AREA CODE 201

General Sales Office: 700 E.

54 CIRCLE 54 ON READER SERVICE CARD

110

99.997% Reliability Achieved
For Minuteman Transistors

KOKOMO, Ind.—The Delco Radio
division has succeeded in manufac-
turing power transistors for the
Minuteman missile with 99.997 per
cent reliability, based on tests with
an assumed acceleration factor of
50. The firm is said to be the first
power transistor producer to meet
such requirements, according to
Delco officials.

This extreme reliability was

achieved in a research and devel- |

opment contract with Autonetics, a
division of North American Avia-
tion, Inc., associate prime contrac-
tor responsible for the inertial
guidance and flight control systems
for the Minuteman, developed by
the Ballistic Systems division of the
Air Force Systems Command.

| to provide power transistors with a ‘

| fatlure rate of 0.003 per cent/1000
hours or lower at 60 per cent con-
fidence level.

Part of the program consisted of |

obtaining histories on specific lots
of power transistors. The histories
included absolute documentation of
all environments, processes, and
parts which in any way affect pro-
duction of the transistors. The lot
size was chosen to be the output of
transistors from a single germa-
nium crystal.

DOWNEY, Calif. — Autonetics
division of North American Avia-
tion, Inc., associate Minuteman con-
tractor responsible for inertial guid-
ance, flight control and aero-space

Union, New Jersey
324 Chestnut Street
MUrdock 7-3770

ground equipment, confirmed that |
Delco Radio power transistors had
met Minuteman reliability require-
ments.

A spokesman said Delco’s 251M
transistor, for use in Minuteman’s |
The reliability program at Delco | guidance and flight control, had
Radio was an effort to accelerate | achieved the failure requirement of !

the rate of transistor development | .003 per cent per 1,000 hours.

The transistor involved is the
Autonetics 251M-1. It is covered by
specifications similar to those of the
Delco 2N1358. More than 50,000,000
hours were accumulated testing it.

ELECTRONIC NEWS, MONDAY, MARCH 26, 1962
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2N1358A
Germanium Transistor
_ Vce (Sat) Thermal .
TYPE Vc_bo @ Vces @ Ices= Hf_e @ lc=5A IB=2A RESistance Junction
Icb=4 ma 300 ma Sweep  Min. Max. IC=12A  Junction to Case Temp. Max.
2N1358A 100V Min. 75V Min. 25 50 NA'S .5° C/w Max. 110° C

Write for additional information on the Delco Radio Power Transistor Reliability Story

Detroit, Michigan
57 Harper Avenue
TRinity 3-6560
AREA CODE 313

Santa Monica, California
726 Santa Monica Blvd.
UPton 0-8807

AREA CODE 213

Syracuse, New York
1054 James Street
GRanite 2-2668 775-5411

AREA CODE 315 AREA CODE 312

Firmin, Kokomo, Ind., Gladstone 2-8211—Ext. 500 * AREA CODE 317 » Division of General Motors, Kokomo, Indiana

Chicago, !llinois
5151 N. Harlem Ave.
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SANBORN FLEXIBILITY- 7 channels — fm, direct

record or any combination /plug-in, all solid-state cir-
cuitry /record-reproduce amplifiers on same card/4 speeds
—3% to 30 ips; 1% to 15 ips and 7%z to 60 ips optional
/1" high electronics available separately/optional extras
include voice channel amplifier, digital input circuit, push-
pull input coupler, precision footage indicator, loop adapter

and remote control unit. AT AN UNMATCHED $7200.
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This new Sanborn/Ampex Model 2007 system conforms to accepted
IRIG instrumentation standards, provides 1% system accuracy and
bandwidths to 100,000 cps with direct recording, 10,000 cps with FM
amplifiers. Max. error due to non-linearity is only £0.5% on DC,
+19%, on AC.

e ——

Basic system features include quickly interchanged, readily accessible
printed circuit plug-in modules . . . flutter compensation by using one
channel to compensate all others . . . alignment of all FM channels
with built-in meter and selector switch, eliminating need for electronic
counters . . . automatic squelch circuit . . . entire system in only 31" of
rack panel space . .. packaging in either mobile console shown or port-
able cases for tape transport and electronics.

System price of $7200 includes 7-channel tape transport, transfer chassis,
playback preamplifiers, power supply and 7 channels of FM Record/Re-
produce electronics, housed in metal mobile cabinet. All prices F.O.B.
Waltham, Mass., and subject to change without notice.

Ger the complete specifications on this new Tape System — as well as 3 new types of Sanborn Data
Amplifiers, 17" Multi-Trace Scope and other related instrumentation — from your local Sanborn
Industrial Sales-Engineering Representative. Ask him for your copy of the complete Industrial Catalog,

INDUSTRIAL DIVISION

SANBORN GOMPANY

WALTHAM 54, MA
A subsidiory of Hewilett- Puckurd Compony
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NEw - CHe Mercury

SERVOMATIC'ANALYZER

WAVESHAPES AVAILABLE: Sine, Triangle, Square, Modulated Sine,
Modulated Triangle, Modulated Square

AVAVINAVAVA

)

PLUS ¢ Direct amplitude reading with db attcnuators e Sine and cosine outputs ® Accepts carrier frequencies from
50 ~ to 10 ke e Printed circuits ® Direct reading of frequency e Internal automatic synchronized sweep on all frequencies
and functions e Constant output impedance ® All outputs, including sweep, can be modulated ® No moving parts.

o Already the industry standard for servo system analysis,
R - Servo Corporation’s SERVOSCOPE® design takes a giant

“THE MERCURY” step forward with the new Model 1990 “The Mercury”

WA SERVOMATIC® Analyzer. See it. Try it. Sell yourself. Ask
MODEL 1990 your nearest Servo representative for a demonstration,

{7, SERVO CORPORATION OF AMERICA

% gt
k_ga” 111 New South Road, Hicksville, L.1.,, N.Y., WElls 8-9700 ¢ Sales and service offices coast to coast.

CANADIAN REPRESENTATIVES: MR. STANLEY UNGAR MR. EDWARD 8. ZIEBA
RADIONICS LTD. Y RADIONICS LTD.
MONTREAL 9, QUEBEC, CANADA 19.18 OONGE STREET
WILLOWDALE, ONTARIO, CANADA
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New Tunnel-Diode Preamplifier

Improves Phased-Array Radar

Circulator-coupled tunnel-diode amplifier enhances low-noise

receiving techniques. Here are ways to achieve wide

bandwidth and good stability by control of circulator impedance

By D. W. MACGLASHAN

Bendix Radio Division,
The Bendix Corp., Baltimore, Md.

CONSIDERABLE effort is now
being applied to developing phased-
array radars for ICBM defense.
These radars consist of many small
radar sets whose individual beams
are electronically steered to collec-
tively form one signal. Due to elec-

tronic steering. both search and
track functions can be performed
together, permitting the processing
of thousands of targets in a few
seconds.

To achieve long-range detection,
the system uses many sensitive re-

SMALL SIZE of tunnel diode preamplificr suits radar transmitter-receiver module
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ceivers. The primary requirements
of the receiver’s preamplifier are:
a change of less than 1-db gain
over a 10-percent bandwidth; 3 to
5 db noise figure; 10 to 20-db gain;
and ability to withstand 5 to 10-
watts peak r-f power leakage. It
must be able to track in phase and
amplitude from channel to channel
within tight tolerances and be small
and light.

The circulator-coupled tunnel-di-
ode amplifier meets these require-
ments. The novel feature of the
amplifier is the integral mounting
of the amplifier and circulator. This
scheme offers advantages in both
bandwidth and stability. Some per-
formance characteristics are: cen-
ter frequency 1,250 Mc; 1-db band-
width, 200 Mc; gain 15 db; noise
figure 3.5 to 3.7 db; 1-db saturation
level, —35 dbm; r-f peak power
capability 5 to 10 watts. The unit
uses a 2.3-inch diameter circulator
and an zn-type tunnel diode.

LOW-NOISE DESIGN—It is diffi-
cult to outline any simple design pro-
cedure since many of the parameters
must be considered simultaneously.
The noise generated by a tunnel di-
ode is mainly due to shot-noise,
which can be expressed in terms of
the diode current to conductance
ratio, I/G. If curves of the diode
are plotted to show this relation-
ship, it is apparent that there is
but one voltage point at which the
noise figure is minimum. To locate
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this point accurately, curves should
be plotted for each diode as in Fig.
1A. The maximum point in the neg-
ative resistance region of the dG/
dv — V curve shows where the di-
ode should be biased for minimum
noise figure. The actual value for
the I/G ratio is calculated from the
current voltage I-V curve and the
conductance G-V curve at that par-
ticular bias point. The effect of the
I/G ratio on the tunnel-diode noise
figure F, is found by

o _ 14 (20al,/Ga)

R, f?
(-%)(-5)

where I, = bias current, G, = nega-
tive conductance G, = 1/R, R, =
diode series resistance, f = operat-
ing frequency, f., = diode resistive
cutoff frequency at minimum I/G

THE LOW-NOISE MICROWAVE
TOURNEY: A NEW CONTENDER

Low-noise fromt ends are manda-
tory in uhf and microwave receiver
design and are particularly im-
portant in extending the opera-
tional range of radar systems
which are critical in our electronic
defenses.

This article shows the applica-
tion of the tunnel diode in « radar
receiver preamplifier and points up
the fact that this device has earned
its rightful place with masers and
parametric amplifiers in the ranks
of low-noise amplifiers

ratio point, « = gain factor and
R, = diode series resistance rise.

The I/G ratio plays a dominant
role in determining diode noise fig-
ure. Gain factor « is also included
in the numerator. The denominator
contains two modifying ratios, R,/
R, and f/f.,. Both these should be
kept as small as possible. Too large
a value for f., can cause stability
problems and therefore is usually
limited to three times the operating
frequency.

The fact that a enters the equa-
tion implies that there is an opti-
mum preamplifier gain for any ar-
bitrary second-stage noise figure.
This is illustrated for a germanium
tunnel diode in Fig. 1B.

GAIN—Examine the' current-volt-
agce relationship shown in Fig. 1A.
The diode exhibits a negative re-
sistance; this means that it will
pump energy back into the system
thereby showing a net gain. This
gain is most easily expressed in di-
ode voltage-reflection coefficient, T.
The complete gain expression is

14+ o)+ B

(I—a)+B

where a« = G’y + G’,)/G.; G’, and
G’, = transformed values of tunnel-
diode negative and series conduct-
ances and G. = circulator con-
ductances and 8 = total circuit
susceptance. For 15-db midband
gain, « = 0.7, 8 = 0, which means
the diode should have a negative

Gain =T? =

electronics



resistance of about 72 ohms at the
I1/G ratio bias point when used with
a 50-ohm system. Since the value
for negative resistance varies from
unit to unit, some scheme is neces-
sary to vary the r-f gain without
degrading the diode noise figure.
This was accomplished by using the
series-parallel tuning arrangement
shown in Fig. 2A. The parallel stub
tunes out the diode capacitance,
while the series stub alters the value
of negative resistance. By making
the series stub inductive, the gain
can be increased. When using this
stub, it is better to employ a diode
with 78 ohms negative resistance so
that the gain can be adjusted to
about the 15-db level. While a gain
variation of 6 db can be realized
with this technique, the added in-
ductance cannot be allowed to ex-
ceed the value set by the stability
criterion. Although gain can be
varied by changing the bias, this
degrades the noise figure since, in
achieving the desired gain, the bias
may no longer be at the minimum
I/G ratio point.

The single-tuned bandwidth of
the preamplifier is

BW=[(1—a)/a][1=R,/R"4) 22 R4Cr
where C; is total diode capacitance,
FR’, is series equivalent of negative
resistance.

With the diode selected, the 3-db
bandwidth was only 180 Mc. This
was considered inadequate, so dou-
ble-tuned circuits seemed necessary.
This approach, however, assumes
that the source impedance, which is
the circulator, will remain constant
across the band. Since this is not
true for most commercial circula-
tors, the bandwidth can be in-
creased by controlling the circulator
impedance so that the real part is
increased at the band edge. This is
shown in Fig. 3A while the results
of this approach are given in Fig.
3B.

CIRCULATOR—The fact that the
tunnel diode is a two-terminal de-
vice immediately creates stability
problems, since any external varia-
tion of impedance alters the gain
drastically. A three-port circulator
with = 20 db of isolation; < 0.5 db
insertion loss and a vswr of < 1.2,
was used to achieve some degree of
isolation. While the three-port pre-
amplifier design functions properly
under controlled conditions, high
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vswr’s of the second stage and
antenna can cause instabilities
through phasing. This problem can
be resolved by using a four-port cir-
culator-amplifier. Two less desir-
able alternatives are a three-port
culator-amplifier.

The basic inequality that sets the
conditions for stable gain is L./
R.C, < R; < R,, where L, = total
circuit inductance; R, = negative
resistance; C, = total circuit capac-
itance and R, = total positive re-
sistance. This expression holds for
low frequencies and r-f. While the
r-f instabilities are usually due to
a poor circulator, low-frequency in-
stabilities are a result of improper
bias network design. This problem
can be overcome by keeping the r-f
bypass, low frequency bypass and
power-supply source termination
physically close to the diode. Al-
though theory shows that the value
of power supply impedance need
only be less than R.,.., experience
proves that this value should be
about one third R,,.... The low fre-
quency bypass selected was 2uf.

The integral mounting of ampli-
fier and circulator has advantages
in bandwidth and stability. This
mounting scheme permits the band-
width to be controlled by the circu-
lator impedance. Adding line length
between the amplifier and circulator
will alter the impedance presented
to the tunnel diode, creating a po-
tentially unstable condition. The
amplifier must be mounted as close
to the circulator as possible.

The preamplifier was required to
withstand 5 to 10 watts of r-f peak
power. Achieving this capability re-
duces the isolation requirements of
the monoplexer (duplexer), thereby
lowering its insertion loss and sys-
tem noise figure. Tunnel diodes
tested to date will withstand be-
tween 5 and 10 watts peak power
without degradation.

Phased array radar preamplifier
must phase and amplitude track
with respect to each other within
tight tolerances over the operating
band. Figure 3C shows a typical set
of tracking curves.
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Versatile Analog Storage

Uses Ferrite Cores

With thick-walled ferrite cores to store analog signals, a new type

of tramsport delay simulator is designed. Continuously variable delay

can be more easily obtained than with capacitor-drum storage

By W. C. TILL* and WEN H. KO,

SYSTEMS INVESTIGATION by
analog computers often involves
simulation of transport or time de-
lay phenomenon. In some cases, the
time delay to be simulated is a fixed
quantity, and in others it must be
continuously variable.  Present
methods of introducing time delays
into an analog simulation employ
magnetic tape storage, capacitor
storage, and operational amplifier
techniques, such as the Padé ap-
proximation.

Another technique for obtaining
time delay uses ferrite cores rather
than capacitors to store sampled
signals. This technique should com-
pete favorably with capacitor-drum
storage because electronic rather
than mechanical commutation could
be employed, and as a result, con-
tinuously variable delay could be
more easily obtained.

A thick walled toroidal ferrite
core provides a hysteresis loop
(Fig. 1A) with which it is possible
to store a variety of voltage levels
as magnetic flux levels. Consider-
ing point 1 as a reference, a bias
current is introduced such that
N,I, cause a flux level at point 2
on the hysteresis loop. A signal cur-
rent is then applied such that N,I,
causes storage at point 3. When
both I, and I, are removed, a mag-
netic flux 4,,, will be stored at
point 4. When the readout pulse
N.I, is applied, the flux level is
moved to point 5 and a voltage e,
occurs across the output winding.
Integration of the output voltage
provides a voltage level which is
proportional to 4, ., ,.

* Now with General Motors
Institute, Flint, Michigan
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Associate Prof., Engineering Design Center,

Case Institute of Technology. Cleveland, O.

U
0ipp = 1/N, [ e, dt
lo

When the current I, is removed, the
flux level falls to point 1.

DELAY UNIT — The principle of
a ferrite core delay unit is shown
in Fig. 1B. The input signal f(¢)
is fed into the cores by sequencing
switch A. Output is obtained when
switch B is sequenced after the de-
sired time delay. An output voltage
e, from a given core appears when
the read current is applied after
a write current. Diodes in series
with the output windings insure
that only the readout voltage is
used. Integration and amplification
of the readout voltage pulses pro-
vides the original samples, delayed
in time. A low-pass filter provides
a smooth output signal. Switches
A and B can be replaced by decade
counters with associated circuits.

With capacitor storage, it would
be difficult to use electronic commu-
tation because the impedance of the
electronic circuits associated with
the storage capacitors must be high
to prevent leakage. In a ferrite-
core delay unit, however, the input
and output impedances of the stor-
age elements are low, so that elec-
tronic commutation is feasible.
Thus, continuously variable delay
is more easily obtained.

To make sure that a core returns
to the reference (point 1 in Fig.
1A) after each storage cycle, the
read-out mmf must be at least five
times as large as the mmf needed
to fully switch the core. Tests were
conducted using MC-125 General
Ceramic cores (0.375 in o0.d.). Since
five ampere-turns were needed to

fully switch these cores, 25 ampere-
turns were used for read-out.

Since only 200 lines of flux are
involved when a core is switched
from (—) to (+) saturation,
the determination of how ac-
curately analog signals can be
stored as flux levels is difficult.
To get an accurate measure-
ment of flux against ampere-
turns in single cores, a technique
was developed based on comparing
the test core to a reference core.
The circuit uses a mercury relay
for switching currents, and two
Helipots and an oscilloscope as a
null detector (Fig. 2A and 2B).
The mercury relay eliminates con-
tact bounce; R-C circuits across
contacts reduce arcing.

The reference core in Fig. 2A
was switched continuously between
(—~) and (4) saturation. Test
cores were switched between (—)
saturation and the flux level de-
sired. One hundred output turns
were used on each core. The two
outputs were integrated with
matched 100,000-ohm resistors and
matched 0.1-uf capacitors (Fig.
2B). The 100,000-ohm helipots
were used after the integrators.
The tolerance in the dial reading
of the pot used with the reference
core did not exceed 0.16 percent.
Outputs were fed to the differential
preamplifier on a Tektronix oscil-
loscope.

For a given level of partial
switching flux in the test core, an
output voltage appeared across the
test core pot. The reference core
pot was then adjusted until the
voltages were equal and a null was
observed on the oscilloscope. The
10-turn dial of the reference core

electronics



WHERE IT CAME FROM

For those who may wonder about
the fundamental approach taken by
authors Till and Ko, and who may
wish to know maore about this work,
it may be interesting to find out that
the article is a part of Mr. Till’s
Masters thesis. Although only a
ten-core unit is detailed in the
article, Professor Ko reports that
if a need and support arises, they
would like to build « 100-core delay
unit
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pot was then read, the dial reading
giving the ratio of the partial value
of flux stored in the test core to the
total flux stored in the reference.
Since the same reference core was
used with each test core, the test
cores could be compared.

Plots of flux stored against par-
tial-write ampere turns were ob-
tained for 35 MC-125 cores. Ten
cores out of 35 stayed within +=2
percent of the full-scale flux change,
and within a =25 percent deviation
from linearity.

SWITCHING TIME — To deter-
mine the pulse width necessary for
partially switching an MC-125 core,
switching time was measured as a
function of the applied field by in-
troducing partial write pulses into
a core, then observing the core out-
put waveform when the write
pulses occurred. The core output
waveform is shown in Fig. 3A. To
get a measure of the switching
time of the core from this wave-
form, T, was defined as the length
of time from the start of the core
output pulse to the time at which
the second peak occurred. Because
of the trailing end of the core out-
put waveform, it may take seconds
for domain-wall motion to cease
completely when a long pulse of
write current is applied. However,
it was initially assumed that do-
main-wall motion is completed in
10 T,. As the applied mmf was
decreased, the time T, was observed
to increase, so that the maximum
time for complete switching was
needed when the partial switching
current was a minimum. The low-
est current value for which a sec-
ond peak could be observed indi-
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HYSTERESIS LOOP of ferrite core is measured by co-author Till

THICK-WALLED ferrite core and its hysteresis loop (A) are exploited in
this kind of deluy unit design (B)—Fiy. 1

10 DYFERENTAR, BRIAGL of
PEKTRBN O QLI OSRE

MERCURY RELAY test circuit (4); core output circuit (B)—Fiy. 2
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cated that T, equaled 20 microsec-
onds for a partial write mmf of
1.86 ampere-turns. It was assumed
that for this value of mmf, domain-
wall motion was completed in 200
microseconds (10 7T,). This is the
minimum pulse width that could be
used in an analog memory if wall
motion were to be completed.

If a linear relationship could be
obtained between write ampere-
turns and flux when the pulse width
was too short to allow wall motion
to be completed, then the switching
of ferrite cores in an analog mem-
ory could be achieved at a much
faster rate. To determine if a
linear relationship could be ob-
tained, a transistor pulse circuit
was used to provide current pulses
of short duration, and a video am-
plifier and integrator circuit was
constructed to amplify and inte-
grate the core output pulses. Us-
ing these circuits, plots were made
of flux-out against partial-write
mmf for a number of partial-write
pulse widths. The read-out pulse
width was held constant at 10 mi-
croseconds. The plots of flux
against partial-write mmf which
were obtained using 2, 5, 10 and
50 microsecond partial-write pulses
are shown in Fig. 3B. While an ap-
proximately linear region exists in
all four cases, the linear region
grows shorter as the pulse width is
decreased. For the 10, 5 and 2 mi-
crosecond pulses, only a portion of
the domain magnetization was be-
ing reversed. Since no difference
was observed in the flux against
partial-write mmf plot when the
pulse width was greater than 50
wsec (2.5 T.), it was concluded that
the data taken in the mercury relay
tests (where much larger pulse
widths were used) is valid for
pulses of 50 usec or greater.

Since an approximately linear re-
gion exists for pulse widths as
short as 2 microseconds, it is con-
ceivable that pulses of this width
could be stored in a ferrite storage
unit. Before this was done, how-
ever, the percent deviation from
linearity of the relation between
partial write mmf and fiux would
have to be redetermined, since it
may be considerably different than
that which was previously meas-
ured for longer pulse widths.

TEN-CORE DESIGN—A block di-
agram of the read, write and bias
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circuits for a proposed 10-core
transport delay unit is shown in
Fig. 4A. An oscillator, whose fre-
quency is controllable by a d-c input
voltage, drives a bistable multivi-
brator that drives two serially con-
nected decade counters through a
count of 20. Alternate decade
counter outputs are connected to
read and write circuits, so that a
read pulse will occur between two
write pulses. So that the maxi-
mum delay time can be obtained
from the unit, it is connected so
that the 10th core is written into
just before the first core is read
out of. Thus a delay time of over
9 periods is obtained. By rearrang-
ing the sequence of the connections
between counter output and the read
and write circuits, delay time from
1 to 9 periods may be obtained.

Blocks one through ten in Fig.
4A indicate the read circuits driven
by the decade counter. Each block
consists of a monostable multivi-
brator, generating a 50-microsec-
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PARTIAL WRITE MMF
(B)

PARTIAL-WRITE output wave-
form for ferrite core (A) and flux-
out against partial-write mmf (B)
for different pulses—F'ig. 3

ond pulse, triggered by the leading
edge of the decade counter read
pulse, and a pulse amplifier which
provides sufficient read-out current
to drive the cores to (-) satura-
tion. For MC-125 cores, 25 ampere-
turns are required for readout.
If 10 read turns were used on each
core, a read current pulse of 2.5
amperes would be required from
each block.

Blocks 21 through 30 indicate the
bias circuits used to bias the cores
in the linear operating region. Each
block consists of a monostable mul-

tivibrator, generating a 50-micro-
second pulse, triggered by the lead-
ing edge of the decade counter
write pulse and a pulse amplifier
that provides the current to bias
the cores in the linear region. The
pulse amplifiers must be well regu-
lated, and are separately adjusta-
ble. For MC-125 cores, 1.8 ampere
turns of bias mmf are required. If
two bias turns were used on each
core, then a bias current pulse of
900 milliamperes would be required
from each block. With more turns,
the current could be made smaller,
but the error in the read mmf would
increase due to the counter mmf
generated by the bias winding.

The ten write outputs from the
decade counters are connected
through diodes (for isolation). The
leading edges of the 10 write decade
counter outputs trigger a mono-
stable multivibrator that generates
50-microsecond pulses. These pulses
go to a chopper circuit, where they
sample the input signal. The input
signal must be positive, and its am-
plitude may vary from 0 to 4.5
volts. A signal that contained both
polarities could be added to a d-c
level and then stored. The d-c level
could be removed at the output.

The sampled signal pulses go to
a current amplifier that converts
the 0 to 4.5-volt voltage pulses to
0 to 450-milliampere current pulses.
The accuracy of the current ampli-
fier must be high with respect to
the =5 percent accuracy of the
storage unit. An accuracy of =1
percent would be sufficient and
could be obtained by using current
feedback techniques.

Blocks 11 through 20 in Fig. 4A
indicate the write gating circuits
that switch the current amplifier
pulses from core to core as the dec-
ade counter switches. The current
amplifier is connected to all 10 of
these units and one of the decade
counter write outputs is connected
to each of these units. When a dec-
ade counter pulse is present at a
unit, the unit must switch the cur-
rent amplifier pulse to a core with
a small and constant attenuation.
When a decade counter pulse is not
present, the units must approxi-
mate open circuits. The cores will
operate in a linear region over a
range from 1.8 to 2.7 ampere turns.
A bias mmf of 1.8 ampere-turns is
provided by blocks 21 through 30.
A range of 0 to 0.9 ampere-turns is

electronics



10 INPUT SIGNAL TO M,
INTEGRATOR
GATE |
i GATC
1] ]
[ | ]
Bl
- = | b o-¢ b——0
X34%54%343%% CORES b ' ]oRaror 21 Fiver [ ampL [our-
' [READ[READ weite) | ["eias — A i &'
I — >}
) |WRITE our
»l D-C
2 [READIREAD | | J [WRITE BIAS o @ LA VOLTAGE
2 12 T - (B)
2 [wRITE OUT -
3 |READ[ReaD | | o JwriTE BIAS
3 13 23
3 [WRITE ouT o
Ze = CORE OUTPUT
[ T T I O T A 3 I I T ! | =3
Prloptveievn g o : 1 o8
R R R R A I o5 l—_l_'__,—"—
S |READ[ REAL meE mAs == _ INTEGRATOR
9 ouUTPUT
9 [WRITE OUT
10 |READ[ READ WRITE BIAS ©
"l 10 20 30 Z=
10 WRITE ¥ [} ouT 53 ——— - CORE OUTPUT
[+ 4
: =5 77
122334455667788991010 0sc¢ £ ES / 7 7 Gy
2 OECADE COUNTERS de 2/ 7 77 INTEGRATOR
e OUTPUT

(A)

(C)

FOR TEN-CORE delay unit, these are read, write and bias circuits (A), core output circuits (B) and core and inte-

grator output waveforms (C)—F'Lg 4

therefore available for signal stor-
age. Since the current amplifier
provides current pulses that vary
from 0 to 450 milliamperes, two
write turns on each core will pro-
vide an input mmf which varies
from 0 to 900 milliampere-turns.

OUTPUT CIRCUITS—Figure 4B
shows the core output circuits for
the proposed 10 core transport de-
lay unit. Since core outputs appear
both when read and write pulses

occur, the diodes block passage of
the write core output. They are
also used for isolation. The core

output pulse is then amplified and
sent to an integrator circuit. Since
the voltage pulse out of the core is
proportional to the first derivative
of flux, integration of this pulse
provides a voltage directly propor-
tional to the flux stored in the core.

If a gating circuit were not used
to short out the integrating capaci-
tor for a period of time between
core output pulses, the integrator
output voltages would accumulate
as in Fig. 4C (top). To prevent
this voltage accumulation, a tran-
sistor switch is proposed to short
out the integrating capacitor for
the 50-microsecond interval while
the write pulse is fed to the cores.
The gating circuit is therefore
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triggered from MM,, the write cir-
cuit monostable multivibrator of
Fig. 4A. The core and integrator
outputs are in Fig. 4C (bottom).

An operational amplifier could be
used in the integrator circuit as
shown in Fig. 5. The transistor
switch shown across the integrat-
ing capacitor is normally biased to
cutofl. It is turned on to saturation
by a pulse from the write mono-
stable multivibrator for 50 micro-
seconds to discharge capacitor C.

The integrator output signals are
amplified and fed to low-pass filter
(Fig. 4B) which acts as a demodu-
lator. It converts the a-m pulses into
a smooth signal.

When the partial write current,
into the cores, is zero, a read out-
put will still be obtained because
the bias mmf is causing a flux level
to be stored in the cores. A differ-
ential amplifier is therefore used
after the low pass filter to balance

e
i

R -1 +

INTEGRATOR with gating circuit
—Fig. 5§ P

out the d-c level caused by the bias
mmf. With zero partial write cur-
rent in the cores the d-c voltage into
the differential d-c amplifier is set
so as to make the output zero.

To adjust the gain of the entire
unit to unity, a d-c voltage could be
used as a signal input, and the gain
of amplifier 2 (in Fig. 4B) adjusted
until the same d-c level was ob-
served at the output.

The MC-125 cores used were
not designed for analog signal
storage. The accuracy of the
storage unit could be greatly
increased if cores were spe-
cifically designed for analog stor-
age. Such cores would be disk like
in shape, so that a larger linear re-
gion could be obtained in the flux
against ampere plot.

Although the 10-core unit has not
been constructed, the approach has
been tested satisfactorily with two
cores and mercury relays.

The authors thank the Ford
Foundation for the financial sup-
port making this work possible.
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Better Ways to Protect Transistors

Overload characteristics of zener diodes can be coordinated with

those of fuses for complete protection of power transistor circuits

By OLEG BURLAK, Manager, Application Engineering, ITT Components Division,
International Telephone and Telegraph Corp.. Clifton, New Jersey

WHAT BLOWS FIRST?

Fuses are made to blow—diodes
and transistors are not. Trying to
figure out which will win the race
could be a lot of fun. So collect the
manufacturer’s curves for the most
popular fuses and keep them on
file. Youw'll need them for the situa-
tion in which you hawe to stack the
odds in favor of the fuse

SILICON ZENER voltage-regula-
tor diodes are ideally suited for
protecting high-power, high-volt-
age transistors against destructive
voltage transients and overloads.
Since zener diodes themselves are

vulnerable to short-term overloads,
the selection of a fuse to protect
the entire circuit is governed by the
overload characteristics.

Thermal time constant in seconds
of a silicon zener diode is

ve =0s¢°Cisc
seconds, where @, = junction-to-
case thermal resistance in degrees
C per watt and C,. = junction-to-
case thermal capacity in watt-sec-
onds per degree C.

Application of power to a diode
causes an exponential junction tem-
perature increase. The time lag
permits a short-time overload.

In a typical pass transistor regu-
lator, Fig. 1, the circuit operates
at a maximum ambient tempera-

ZK-36
16

i

2NITH

Vout

>,
z~@»§%ﬂ:@é

ture of 55C. Protection against
component failure in the event of a
short-circuited load is to be pro-
vided by fuses. An ITT-ZK36 10-
watt zener diode (86 volts =10 per-
cent) protects the transistor. Col-
lector-to-emitter rating is 40 v.

OPERATING POINT—The zener
diode, Fig. 1, does not operate in
the avalanche or breakdown region
under steady-state conditions.
Power dissipated is limited to that
generated by the reverse or leak-
age current. The resulting junc-
tion temperature rise is negligible
and permits the assumption that
case temperature is equal to am-
bient temperature. Stud-mounted
devices are rated by case tempera-

PASS TRANSISTOR regulator is
a typical example of a fuse-zemer
diode combination—Fig. 1

POWER OPERATING
CURVE

CASE TEMPERATURE IN DEG C
3
S

T Ll |y
V4 5 8 10 12

POWER DISSIPATED IN WATTS

CASE TEMPERATURE wvariation
with power dissipation for a typical
10-watt zener diode—F'ig. 2



With Zener Diodes and Fuses
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OVERLOAD CHARACTERISTIC of the 10-watt zener
diode provides the multiplying factor used to calculate
maximum allowable overload current—Fiy. 3

ture, Fig. 2. Ambient temperature
and the heat sink used must be
evaluated and the diode case-tem-
perature known before any attempt
is made to establish the diode oper-
ating point from the curves.

Overload curves of the ZK.36,
Fig. 2 and 8, incorporate allow-
ances determined from the relation
between junction temperature and
power dissipation at time t. Thus,
junction temperature rise 7, is:

Ty =050+ P <[l —exp(t/v)],
where 8, = device junction-to-case
thermal impedance in degrees C per
watt, P = power dissipated in
watts, ¢ = duration of power appli-
cation in seconds, and y = thermal
time constant in seconds (0.04 sec-
ond for ITT 10-watt zener).

From Fig. 2, the allowable con-
tinuous overload P, at a case tem-
perature of 55 C is 11.2 watts. This
is a measure of device’s power-
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B I S
40 60 80 100

handling capacity for durations of
1 to 10 seconds. The derivation of
all short-term overload limits pro-
ceeds from P, as a base developed
from the diode operating point.

Maximum overload current for a
diode is

Iol=l\”Pa/Vz
where JI,, = maximum allowable
overload current for time ¢, K =
overload factor (from Fig. 3), P,
= maximum continuous overload
(from Fig. 2), and V. = rated
zener voltage.

A time allowance of 5 msec has
been arbitrarily selected for clear-
ing of the fuse. Fuse clearing time
is inversely proportional to the
square of the current carried by the
fuse. Therefore, if a long clearing
time is chosen, it will be necessary
to add a series resistor for protec-
tion against large, short-duration
current surges. Clearing time

i P -— 1
6 810 20 40 60 80100
CURRENT IN AMPS

TIME-CURRENT curve for Littlefuse 8AG series 312
fuses is typical of the type of data mecessary for proper
fuse-diode coordination—Fig. 4

should be selected to minimize this
series resistance or eliminate it
completely. A desirable range of
clearing time is from 1 to 10 msec.
Clearing times of less than 1 msec
are not obtainable, except with spe-
cial fast-acting fuses.

From Fig. 3, for a 5-msec delay,
K = 11. Substituting, 7,, =
11(11.2) /36 = 3.4 amp/5 msec.
Hence, the diode will withstand an
overload of 3.4 amp for 5 msec.

A 0.375 amp 3AG fuse, Fig. 4,
will open in 5 msec when passing
a current of 3 amp. Since this is
less than the 8.4 amp that the zener
diode itself can handle for the same
time interval and more than the
circuit drain of 0.25 amp, adequate
protection of both zener diode and
transistor has been achieved.
Where faster fuse operation is nec-
essary, time-current curves of other
fuses may be applied.
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Novel Circuit Damps Transients in

Control of power-supply transients by damping permits reaching steady-state value

By E. L. HARRIS

Aerojet-General Nucleonics,
San Ramon. Calil.

0. J. M. SMITH

University of California,
Berkely, Calif.

ENGINEERS are often faced with
the problem of switching a load
onto an oscillatory system so that
the output quickly attains its
steady-state value without over-
shoot. This action can be obtained
with a technique for achieving a
step-load response by timed, sequen-
tial switching of the system load.

This article shows a novel way to
achieve voltage damping when a
pentode is connected as a load to
an LC-filtered power supply. This
method has many applications to
practical equipment, One such ap-
plication is the voice-operated
transmitter. Here, the tubes that
require large amounts of quiescent
power are disconnected from the
high-voltage supply during standby
operation. When the operator
speaks into the microphone, the
first syllable closes a relay; this
relay connects the tubes to the sup-
ply, where they remain during the
transmitting cyvcle. If the power
supply is filtered by a low-loss LC
circuit, the sudden switching may
cause the plate and screen voltages
to approach their steady-state
values in an oscillatory manner.
The output of the transmitter is
then modulated at a frequency,
which is usually in the audio range.
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Figure 1 shows the operation of
the circuit. Assuming that relays
K, and K, are identical, K, will close
after K,  Time delay, T, is con-
trolled by varying R, and or C.. The
effective load presented by the tube
to the power supply, is determined
initially by R,, and then finally by
R,, the parallel combination of R,
and R.. The same effect could also
be obtained by switching two series
screen resistors. Thus, the effective
load presented by the tube to the
power supply is connected sequen-
tially in two steps, and a controlled
response is obtained by choice of
R, R, R, and C..

Actual load-voltage waveforms
(Fig. 2), result when the pentode
is connected to the power supply.
The oscillatory response that results
without voltage damping is shown
in Fig. 2A. Figure 2B shows the
controlled response that results
with damping. While the same final
tube current i flows in each case,

DAMPING THAT OVERSHOOT

Power supply transients rank high
among undesirable effects occurring
n radio transmitters. A response
of this type usually appears as un-
wanted audio-range modulation of
the r-f output and can cause com-
power-supply overshoot

This voltage-damping circuit can
be used to help the transmitter
design engineer effectively control
power-supply overshoot

the initial undershoot, which repre-
sents the peak tube current, is re-
duced when voltage damping is
applied.

In the circuit, the 6AQ5 pentode
is the switched tube and the square-
wave generator represents the
microphone and associated relay
circuits. For testing, the plate load
Z, was zero. This does not effect the
principles under discussion, since
the plate current of a pentode is
essentially independent of the plate
load.

Design curves for voltage damp-
ing, shown in Fig. 8, are for nor-
malized LC-filter elements (L = 1h,
C = 1f). Normalized final effective
tube resistance, R, is expressed
with K, and K, activated. The nor-
malized initial tube resistance,
R., is given with only K, closed,
and T, is the normalized delay
time for only K..

ADJUSTMENT—Because of com-
ponent tolerances and engineering
approximations, it is necessary to
make manual final adjustments for
a controlled response. This pro-
cedure is made easier because re-
sidual oscillations resulting from
opposite switching errors are al-
ways mutually 180-degrees out of
phase.

Now we can easily understand
how the residual oscillation that oc-
curs when the effective final tube
resistance is too big is 180-degrees
out of phase with the oscillation
that results when the resistance is

electronics



(A)

(8)

LOAD-VOLTAGE WAVEFORMS
without damping (A) and with
damping (B)—Figy. 2

Voice-Operated Transmitters

without overshoot, prevents modulation of transmitter output m the audio range

too small. The residual oscillation
resulting from too short a delay
is 180-degrees out of phase with the
oscillation caused by a delay which
is overly long. It is always possible
to adjust the circuit for a controlled
response by observing the change
in sign of the transient as the
proper parameter value is passed.

DESIGN EXAMPLE-—The desired
final total tube current 7 is 36.5 ma.
This current is obtained with R, =
(R, R,)/(R, + R.) = 12,000 ohms.

The proper screen resistor is
found either experimentally, or by
using the transfer characteristics
in the tube manuals. Final effective
tube resistance R = E,,/i = 250/
36.5 = 6,850 ohms; normalized

final tube resistance R, = R \/ ;’ =

(6.85 x 10°) \/1‘4’*’ = 3.42 ohms.

From Fig. 34, find the normalized
initial tube resistance with R, =
(R./R,) R, = (1.73) (3.42) = 5.92
ohms. Denormalized initial tube re-

3 L ‘l
sistance R, = 1,, / - (5.92
Vo \( C (5.92) \/1()"‘

11,820 ohms. To find R, us-
ing the average transfer charac-
teristics from the tube manual, as-
sume {, =~ ¢ = F,,/R, = 250/11.82
21.1 ma; from the tube tables

also with £, = — 115 v, E.. ~ 175
v; and with £, = — 115 v, i. ~
1.2 ma.

Now, to find R, and R,; R, = (F.,
— FE.)/i.. = (250 — 175)/1.2 =
62,500 ohms and R, = RR,/(R, —

R) (62.5) (12) x 10°/(62.5 —
12) = 14,850 ohms. FFrom Fig. 3B,

|

— | J

‘_1
L 1 I
0

S 10

FINAL TUBE RESISTANCE Ry, IN OHMS

15

(A)

20

NORSALIZED DELAY TIME T, IN SECONDS

DESIGN CURVES for voltage damping—Fig. 3
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find the normalized delay time using
R, as obtained earlier: T,, = = and
denormalized delay time, T,
T LC (3.14) V4 x 10° =
6.28 msec.

As a first rough approximation,
T,~ C.\R, where R, = r,R,/r, — R,
and 7, is the resistance of the relay
winding. For the relays used in this
cireuit, », = 1,000 ohms. The other
parameters were chosen with values
C. = 100 uf and R, = a 100 ohm
potentiometer. These parameters
vield a maximum 7, = 9.1 msec.

The design values are manually
adjusted to produce the controlled
response of Iig. 2B. Corrected
values are shown in Fig. 1. Once
the circuit had been constructed, it
took the engineer about 45 seconds
to adjust R,, R. and R, to produce
a controlled response.
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|
L | ] | | 1
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NORMALIZED INITIAL TUBE RESISTANCE Rpg IN OHMS
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GET TO KNOW
THE MISMATCHES

Maintaining a catalog of typical
wlots, such as that in Fig. 1, can be
very practical for simple micro-
wave components. After some ex-
perience with these, the chart will
become wumnccessary and the mis-
matches will be readily recognized.
As a result, simple components can
be matched quickly and complex
ones reduced to simple ones and
matched in about the same time.
Most important, however, is that
the process climinates guesswork

REFLECTIONS occurring in mi-
crowave components result in power
losses and other undesired effects.
In some systems, wide frequency
bands produce reflections with vari-
able amplitude and phase. Compli-
cated geometry makes a cut-and-try
approach appear necessary to ob-
tain a satisfactory impedance
match.

A systematic approach, starting

‘.  — reFerence
AXIS {#g — $,) THEN FOLLOW {A)

MISMATCH
#x
%1
TO CORRECT TO{A):
MOVE REFERENCE TO NEAREST
(C) NEARBY SINGLE MISMATCH
MIJ MATCHES N

Eliminate Trial and Error

This article gives a catalog of typical impedance plots.
These charts are practical, not only for simple components,
but for complex components when reduced to simple ones

By GARY E. EVANS

Electronics Division,

with a Smith chart plot or similar
impedance graph, will provide in-
formation to locate corrections, but
there is no general procedure to
syvnthesize corrections from a set of
experimental points, even for simple
curves. The most useful approach
is to reconstruct the probable causes
of the observed plots before any
correction is made. Confusing im-
pedance plots can be clarified, and

REFERENCE

o ADD SHUNT INDUCTANCE
1 ADD SHUNT CAPACITANCE

MISMATCH

B¢ l 1
TA__REFERENCE —
T0 CORRECT T0 (C)

. MOVE REFERENCE TO LOAD THE DISTANCE
N b

$uhgirgn  Bdrgihgn
(AgL-gn) Agi=gn
(D) DISTANT SINGLE MISMATCH

SAME EXCEPT ADMITTANCE

Westinghouse Electric Corp., Baltimore, Md.

the source of the mismatch located.
If the latter is not done, the cor-
rected component may have internal
standing waves and therefore re-
duced power handling and increased
loss even though matched over the
specified band.

Ordinarily, sources of mismatch
are apparent from the construction
or from assumptions in the design,
or can be deduced from the imped-

REFERENCE
TO CORRECT:
TRANSFORM TO K, CORRECT K TO |
OR MOVE REFERENCE TO NEAREST
I+ jx AXIS AS IN (C)
(B) LINE SIZE CHANGE

ZORY SAME EXCEPT
COUNTERCLOCKWISE
H  INDICATES REFERENCE 1S ON
L0AD SIDE OF MISMATCH
e
N
$L

T0 CORRECT TO(C):

SAME RULE EXCEPT MOVE
TO GENERATOR AS $ < &,
IMPLIES

T0 CORRECT T0 (D)3
'l R >+ ADD SHUNT IND CE VE REFERENCE TO NEAREST
SERIES IN ~#2~ ADD SHUNT CAPACITANCE AXIS (¢ — ®y)
N O R"E CENTER THE
(E) TWO DISTINCT MISMATCHES, ONE AT THE REFERENCE (F ) TWO MISMATCHES, ONE NEARBY
‘L‘MISMATCHE ZORY MISMATCHES \ NOTES:
"‘]—Wr—l = UNKNOWN REACTION Y = ADMITTANCE
B m(en[%lg ESUSCEPTANCE 2o CHARACTERISTIC
REFERENCE REFER IMPEDANCE
T0 CORRECT TO (F): e T ENCE | 4 \¢yy1$y, 80,8 = REFLECTION COEFFICIENT
MOVE REFERENCE TO LOAD ($a = $o)Maohgp %o WL BE 10 THE megférxlgmgnons o
Ago — Agb GENERATOR MgLiAgH, Ago,Agh * GUIDE WAVELENGTHS
WHERE fg AND fy ARE CORRESPONDING POINTS ON DIFFERENT LOOPS OF THE HELIX (20w APART) %8F;=RRE§)PL?ENNDCIPEGS
(G) TWO MISMATCHES, BOTH DISTANT fLo:fun: fa. o

TYPICAL IMPEDANCE loci for up to two mismatches as seen from var tous reference points. Each chart is a simpli-
fied Smith chart and the diagram shows relative position of mismatch and reference—Fig. 1
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In Broadband Impedance _Matchmg

ance plot. Any assembly requiring
matching will have discontinuities
such as bends or steps requiring
possible correction. In addition,
there may be approximations in the
design, such as neglected strip
thickness or an averaged dielectric
constant which may indicate pos-
sible correction points. Most im-
portant, however, are impedance
plot deductions.

MATCHING—Matching over a
narrow band is not a problem. The
points are confined to a small re-
gion, and it is a simple matter to
calculate the distance from the
reference plane to a plane at which
a particular type of correction (re-
sistance, inductance, or capacitance,
shunt or series) will match the unit
over the entire band. For broader
bands, the locus of impedance ver-
sus frequency may take larger and
more complicated shapes. If the

CIRCLE TRANSFORMATIONS showing a circular locus Z and altered
but still circular loci for Z with added reactance (7 +4372.0), added resistance
(Z4-2.0, Z—0.5), and transformed impedance (0.1Z, 10Z)—Fig. 2

=) 0

(A) SHORT CIRCUITED STUB Ago/4 LONG ) OPEN CIRCUITED STUB Ago/4 LONG (C) srus OF (A) IN SHUNT WITH LOAD

OR OPEN CIRCUITED STUB Ago/2 LONG OR SHORT CIRCUITED STUB Ago/2 LONG

74
! ———{3’ = \
I

D %L 6D ¢

(D) sTuB OF (B) IN SERIES WITH LOAD (E) SERIES CAPACITANCE (F) SHUNT CAPACITANCE

i he

(G) SERIES INDUCTANCE (H) SHUNT INDUCTANCE (I) Xgo/a LONG TRANSFORMER FROM ZO'I/K
OR \go/2 LONG SECTION OF Zo=K

Zgsl  Zg=l/K %I
% | | <l
._I—'J
. Zp%1 Zp:K SK I—- Ago /-] qb k- Agora—
(J) Agos2 LONG SECTION OF Zo=1/K OR (K) cuavs(o-zsemss CAPACITANCES Ago4 APART | ( L) CURVE (C)-2 SHUNT CAPACITANCES Ago/4 APART
Ago/4 LONG TRANSFORMER FROM Z4:K CURVE (L)-2 SERIES INDUCTANCES Ago/4 APART CURVE (L)-2SHUNT INDUCTANCES \go/4 APART

TYPICAL frequency-sensitive elements and their loci versus frequency. These can be used or corrected for as necessary.
It becomes necessary to do so when broad bands are involved—Fig. 3
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THREE TYPES of mismatch hav-
ing similar impedance loci—Fiy. 4

REF

CORRECTING practical devices.
At the left is the breadboard design
and to its right in each example,

the more suitable alternative—
Fig. 5

components can be broken down
into one, two or possibly three mis-
matches, however, the loci will have
one of several characteristic shapes.
These shapes are shown in Fig. 1
for up to two isolated mismatches,
assuming the mismatches them-
selves are not exceptionally fre-
quency sensitive. In Fig. 1, all im-
pedance plots are normalized to the
load resistance, implying that re-
flections are eliminated when the
locus is a point at 14370 (center of
the Smith chart).

Starting at Fig. 1A or 1B, a
single, frequency insensitive mis-
match causes a single point locus
displaced from the center. Since the
corrections are usually shunt indue-
tance or capacitance, points on the
major axis, 1 = jB, where B is the
normalized susceptance, are especi-
ally important. If such a mismatch
is viewed from a different, but
nearby point, the locus is still small
but may be at any phase (Fig. 1C).
Such a small locus is typical of nar-
row-band problems and may be cor-
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rected by moving from the refer-
ence point to the point at which the
plot is on the 1 4 jB axis and add-
ing inductance or capacitance.

Referred to a distant point, the
phase of the reflection coefficient de-
pends on frequency although the
vswr (and radius I') is constant, so
the locus is a circle about the center
(Fig. 1D). A single fixed mismatch
cannot be more complicated. From
such a plot, the procedure is there-
fore as stated in Fig. 1D, with each
step selected to simplify the plot.
First, the reference is moved in the
direction which compresses the
locus to a point. Next, the reference
is moved to the nearest major axis
(suitable for the type of correction
to be added). A correction is added
to move the point to the center.

If a second reflection exists dis-
tant from the first, it moves the
locus circle off center, Fig. 1E. If
this impedance is viewed from, or
referred to, yet another distant
plane, the phase of the points again
changes proportional to frequency

(actually 1/A,, where A, equals ac-
tual line wavelength) so the circle
is stretched into a helix, Fig. 1G.
This is as complex as two fixed mis-
matches can get.

Further mismatches will move
the spiral off center, but attempts
should be made to divide the unit
into smaller component parts for
test. If this is impossible, it is
sometimes practical to select the
first reference at the most likely
source of mismatch so that the helix
resulting from the other two mis-
matches is simply displaced and not
distorted. It may then be possible
to recognize the shape and correct
it to a type of Fig. 1G.

To correct a plot such as Fig. 1G,
the locus is first restored to a circle
centered on a major axis by chang-
ing reference planes. The circle is
then moved to the center with a cor-
rection and only a single mismatch
remains.

ERRORS—The corrections should
generally end up at or within A,/8
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of the mismatches. To keep the
charts simple and usable, various
assumptions and approximations
have been made that may result in
error. These are errors due to dis-
tortions on the Smith chart, meas-
urement and interpretation errors,
and differences or discontinuities
from the assumed lumped nonfre-
quency sensitive type. These errors
are surprisingly small.

The assumed Smith chart manip-
ulations are not in error. For pas-
sive lossless lines, a change in refer-
ence plane does develop a set of
coincident points into a sector of a
perfect circle. Addition of fixed re-
sistance or reactance does preserve
the perfect circularity despite the
curvature of the axes, as shown in
Fig. 2. Likewise, scaling character-
istic impedance preserves circular-
ity. Two lumped fixed mismatches
in an otherwise uniform line will
result in exactly the displaced circle
described. The principal (but
small) error is that the center of
the circle does not remain the cen-
ter and the points on the circle be-
come correspondingly unevenly
spaced. Therefore, the size of cor-
rection may be slightly in error.

Errors in interpretation are sig-
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nificant when the vswr is small or
the band is narrow. With small
vswr, phase measurements are in-
accurate and for narrow bands, the
observed sectors of curves are
small. In either case, it is difficult
to determine the center of a circle
or to distinguish a circle sector
from a helix sector. Wherever they
cannot be distinguished, a correc-
tion for one works for either, from
the impedance standpoint.

With narrow bands and large
mismatches, a correction can be
misplaced by several half wave-
lengths with resultant internal
standing waves. If peak power or
loss is critical, it may be advisable
to measure over a wider band than
necessary to obtain a large and
recognizable sector of the curve.

The largest error in the simpli-
fied approach is due to neglected
frequency sensitivity of corrections.
Correspondingly, this can be used
for matching more complex plots.
Often the error can be neglected
if a few trial and error steps are
permissible, since the effect de-
creases as the center of the chart is
approached. It may be sufficient to
assume R, L and C constant and to
account only for the usual reactance
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change of such discontinuities with
frequency (oL or 1/uC, » being the
angular frequency). Figure 3 shows
various frequency-sensitive ele-
ments that can be used or corrected
for